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Abstract: College Algebra has been the main credit bearing mathematics course for many 
college students, but only one in five students at the community college level were 
passing this course. Students that did not have a mathematics dependent major seen 
College Algebra as a gatekeeper for completing college. With several students struggling 
to complete College Algebra, new mathematical pathways were created that gave 
students the option to take other courses such as Quantitative Reasoning in order to fulfill 
their college mathematics credit.  
The Midwestern College, where this study took place, chose to incorporate a new 
QR course for students. With the incorporation of this new course, it is important for 
instructors to know who are now in these classes in order to develop interesting and 
relatable material, thus this study examined 230 participants demographics, achievement, 
and belief characteristics in both QR and Pre-Calculus I (i.e., College Algebra). The 
study also looked at any differences in characteristics between the two groups as well as 
differences between students that were successful and unsuccessful in each course. Last, 
the study look at the combination of characteristics that could predict student’s success 
(final curse grade) in each course.  
 University records provided high school GPA and ACT mathematics and 
composite scores, while a face-to-face self-reporting survey was used to gather data on 
demographics, mathematics identity, grit, mathematics attitudes, anxiety, and self-
efficacy. This dissertation presents the findings from the data collected.  
The findings from this study indicate that demographics for the two courses are 
similar, but Pre-calculus I (PC-I) students had a significantly higher ACT composite and 
mathematics score, identity score, and effectance motivation. Additionally, the study 
found that females were more successful than males in PC-I and students that 
successfully complete QR had a higher consistency of interest. A binary logistics 
regression indicated that consistency of interest and the usefulness of mathematics were 
predictors of success for students in the QR course. High school GPA, gender, and self-
efficacy were predictors of success for the students in the PC-I course. This insight will 
help instructors to develop activities and curriculum to aid in the success of students. 
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The entry-level mathematics course for many higher education institutions is 
College Algebra. College Algebra was designed to develop students' algebraic skills and 
prepare them for Calculus I, although many students struggled to pass. According to 
Herriott and Dunbar (2009), less than half of students who complete College Algebra 
ever take a calculus course and only about 10 - 15% plan on majoring in fields that 
require higher-level mathematics.   Thus, the examination of how many students that 
were enrolling in College Algebra and not passing, and the fact that most students did not 
require a math-intensive curriculum, demonstrated that not all students needed College 
Algebra as their entry-level mathematics course (Gaze, 2018).  
This realization has resulted in researchers (e.g., Kashyap & Mathew, 2017; 
Smith & Thompson, 2007; Tennant, 2014) exploring alternate courses for students to 
meet their college-level mathematics requirements. Fortunately, “some success has been 
seen with adult students in approaching mathematics from a practical, problem-solving 
stance, allowing students to connect to current learning with life experiences” (Tennant, 
2014, p. 25).   Thus, some colleges across the United States have set the requirement for 
some majors as Quantitative Reasoning (QR), where content relates more to real-world   
    
2 
 
applications than a typical algebra course. For example, Kashyap and Mathew (2017) suggest 
that QR focuses on real-world problems, critical thinking, and problem-solving skills 
including topics such as “logic, arguments, reasoning, and problem-solving, mathematical 
finance (loan, credit card, mortgage), tax, federal budget, linear, and exponential models, as 
well as some geometry topics” (p. 23). 
When comparing the performance of students in College Algebra and a QR class, 
Van Peursem, Keller, Pietrzak, Wagner, and Bennett (2012) found that the QR course 
"proved to be a worthwhile alternative to the traditional College Algebra course for students, 
especially those with weaker mathematics backgrounds" (p. 113). So why do students that 
have not always been perceived as a mathematics person, seem to have more success in the 
QR course than the College Algebra course? What do educators know about QR students 
enrolled in their classes? With student’s having a choice between QR and College Algebra, it 
is important to understand who is choosing to take each of these courses as well as both the 
beliefs and academic characteristics, as we can no longer rely on what these were in the past. 
Instructors need to understand the attitudes and beliefs of their students in order to anticipate 
their needs and create lessons to address these needs (Cifarelli, Goodson-Epsy, & Chae, 
2010). Understanding these characteristics will provide administrators and faculty support to 
create a curriculum that relates to student's majors and aids in student success. 
Background of Problem 
College Algebra was designed to prepare students for upper-level college 
mathematics courses, but students that do not have a math-based major see College Algebra 
as a gatekeeper to obtaining a degree (Ganza & Mazzariello, 2018). Many students that enter 
college are not prepared for college-level mathematics. Only one in five students at the 
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community college level pass a college-level mathematics course in their first year, and there 
is only a 50% pass rate at four-year universities (Complete College of America, 2012).  
With the number of students failing to get through college-level math courses during 
their first year of college, educators realized that students could excel in their major by taking 
an alternate mathematics course (Gaze, 2018). In 2015, the Mathematical Association of 
America (MAA) recommended the implementation of several mathematics pathways aligned 
to specific majors, with some introducing basic statistics, modeling, and calculations (Saxe & 
Braddy, 2015). Thus, the development of QR, as an alternative course, started to flourish 
across the United States.      
Quantitative reasoning can be described in a variety of ways. Elrod (2014) defined 
QR as “the application of basic mathematics skills, such as algebra, to the analysis and 
interpretation of real-world quantitative information in the context of discipline or 
interdisciplinary problem to draw conclusions that are relevant to students in their daily 
lives” (p. 5). Steen (2004) suggested that QR is “sophisticated reasoning with elementary 
mathematics rather than elementary reasoning with sophisticated mathematics” (p. 9). QR 
requires students to use basic mathematical skills to solve complex problems and develop the 
skills needed for the decision-making process. Additionally, Smith and Thompson (2007) 
argued that QR would help students “bridge the gap between algebraic and arithmetic 
reasoning” (p. 102) as it relates to real-world problem-solving.   
With the inclusion of this new QR course, it is crucial for faculty to have an 
understanding of who each group of students are and the differences that they may have 
(Bettinger, Boatman, & Long, 2013). In order for educators to be effective, they can not only 
focus on a student's cognitive or previous level of academic success, but they must have an 
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understanding of the characteristics that impact student success (Higbee & Thomas, 1999). 
For example, instructors need to know their students' needs to develop appropriate 
instructional material that promotes a positive attitude towards mathematics (Cifarelli, 
Goodson-Epsy, & Chae, 2010).  
There are several beliefs and academic achievement variables that influence the way 
students learn mathematics. Factors such as student ACT scores, grade point average (GPA), 
self-efficacy, and identity have been shown to predict student success in mathematics. For 
example, Arens et al. (2017) stated that “school grades and standardized test scores are the 
two most commonly used indicators of students’ achievement” (p. 623). Schoenfeld (1989) 
found a strong correlation between students’ grades and factors related to identity. Bong and 
Skaalvik (2003) found that self-efficacy relates positively to intrinsic motivation, task choice, 
task values, and persistence.   
In order to improve student success in college-level mathematics courses, these 
factors (e.g., ACT scores, GPA, grit, self-efficacy, math attitudes, and identity) should be 
examined more closely. The community college in this study recently created a new 
mathematics pathway for students, based on whether they are STEM or non-STEM majors, 
which includes QR. With the introduction of new courses, such as QR, the curriculum must 
continually be redeveloped to meet students' needs. Being able to understand the 
characteristics of the students taking QR and College Algebra will help faculty create lessons 
that cater to both groups of students.  
Statement of Problem  
Research suggests that many first-year students entering college are not prepared to 
be successful in College Algebra, and institutions of higher education were experiencing high 
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dropout and failure rates in College Algebra (e.g., Bailey et al., 2010; Conley, 2017; Royer & 
Bayer, 2018).  Thus, educators believed there was a need to re-examine the traditional 
mathematics path of College Algebra for all students. Upon this re-examination, educators 
decided that for some degree paths, what students needed was a quantitative literacy or 
quantitative reasoning course. This course would support students' understanding of everyday 
mathematical situations such as “evaluating data in charts and understanding the importance 
of interest rates when it comes to making financial decisions” (Van Peuresen et al., 2012, p. 
107). Thus, some colleges have changed their entry-level pathways so that students, 
depending on their degrees, can take a QR or College Algebra (Ganza & Mazzariello, 2018). 
While there have been many studies (e.g., Goolsby, 1988; Lu, Weber, Spinath, Shi, 
2011; Van Peursem et al., 2012) that have examined different achievement factors and 
beliefs related to student learning in College Algebra, there has been little research related to 
students enrolled in QR. Additionally, the lives of students are stimulated by different 
demographic factors such as race and parents’ education. In order for teachers to be effective, 
there is a need to know the demographics of their students and to understand that students are 
influenced by these characteristic. Thus there is a need to examine the demographics of the 
students now enrolling in College Algebra since there could be a shift in the student 
population. The institution where this study took place has recently added a QR course as an 
option for students to take other than College Algebra, or Pre-calculus I (PC-I) as it is listed 
at the institution. Since this is a relatively new course for instructors, examining the 
characteristics of these two groups of students will provide insight into lesson presentations 
that relate to the students and their interests. This study will examine any differences in the 
demographics as well as beliefs and achievement factors between PC-I (i.e., College 
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Algebra) and QR students, and which of these factors predict student success in these 
courses.  
Purpose Statement & Research Questions 
Many higher education institutions are developing new mathematics pathways for 
students to pursue as they strive to complete their college degrees.  With the introduction of 
these new mathematics pathways, the institution in this study took an approach of QR for 
students pursuing a non-STEM focused degree and Pre-Calculus I for those seeking a STEM-
focused degree program. With this focus on students pursuing STEM or non-STEM related 
careers, instructors must have a picture of the students for whom they will be providing 
instructional opportunities, and it is difficult to know how the characteristics (demographics, 
beliefs, and achievements) of students have changed in these courses. Thus, this study will 
aid in providing insight and exploring any differences between these factors for students in 
the two courses and if these factors are predictors of success in these courses. The following 
research questions will guide this study: 
1. What are the characteristics (i.e., demographics, achievements, and beliefs) of college 
students enrolled in Quantitative Reasoning and college Pre-calculus I (i.e., College 
Algebra) at one campus of a large Midwestern community college? 
2. Are there significant differences in the characteristics (i.e., demographics, 
achievements, and beliefs) between students enrolled in Quantitative Reasoning and 
Pre-calculus I (i.e., College Algebra) at one campus of a large Midwestern 
community college? 
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3. Are there significant differences in characteristics (i.e., demographics, achievements, 
and beliefs) between students enrolled in Quantitative Reasoning based on whether 
they were successful in the course? 
4. Are there significant differences in characteristics (i.e., demographics, achievements, 
and beliefs) between students enrolled in Pre-calculus I (i.e., College Algebra) based 
on whether they were successful in the course? 
5. What combinations of characteristics (i.e., demographics, achievements, and beliefs) 
for college students enrolled in Quantitative Reasoning are predictors of success? 
6. Which combination of characteristics (i.e., demographics, achievements, and beliefs) 
for college students enrolled in Pre-calculus I (i.e., College Algebra) are predictors of 
success? 
Significance of Study 
One goal of an educator is to develop engaging and connected curricular materials 
that meet students' needs. Knowing students' attitudes and beliefs about mathematics and 
their level of academic success allow instructors to anticipate learners' needs and develop 
appropriate instructional materials to address these needs and promote positive mathematical 
attitudes (Cifarelli, Goodson-Epsy, & Chae, 2010). Thus, to create a curriculum that students 
find useful and that encourages student success, this study will examine the characteristics of 
the students enrolled in each of these courses. This research project intends to generate 
knowledge that could be shared with faculty and curriculum leaders at the college level to 
develop engaging and relevant curriculum units and to ensure students' success rates.  
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Assumptions, Limitations, and Delimitations 
The first assumption for this study is that there is a potential difference between the 
two groups of students because the STEM-focused students take College Algebra and the 
non-STEM students take QR. Secondly, it will be assumed that participants in the study will 
respond honestly to all parts of the study, and the participants will understand the questions 
being asked. 
Limitations focus on things that are weaknesses of the study and/or things that are out 
of control of the researcher (Simon & Goes, 2013). The study will be limited to students 
enrolled in either PC-I (i.e., College Algebra) or QR courses who agree to consent to this 
research project. Another limitation was that the study took place during the coronavirus 
pandemic. All classes went online for the last six weeks of the semester, which may have 
affected drop rates and overall grades.  
Delimitations are used for a researcher to narrow the focus of the study. One 
delimitation of the study is that the population of the study will only consist of students 
enrolled at one campus of a multi-campus community college. Also, the study did not include 
any students that are concurrently enrolled. All participants in this study were 18 or older and 
not currently high school students.  
Definition of Terms 
● Achievement factors – factors that are linked to the educational processes such as the 
ACT, GPA, and placement test 
● Grit – one’s capacity to dig deep and do whatever it takes-even sacrifice, struggle and 
suffer-to achieve their most worthy goals in the best ways (Duckworth, 2007) 
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● Math anxiety – “tension, apprehension, and fear of situations involving math” (Yang, 
2014, p. 28) 
● Math confidence – the confidence in one’s ability to learn and do well on a 
mathematical task (Fennema & Sherman, 1976) 
● Math identity – whether a person views themselves as a math person or not 
(Gonzalez, 2017)  
● Math usefulness – an attitude that one holds about the need for math now and in their 
future (Reyes, 1984) 
● Self-efficacy – an individual’s perception of whether they possess the skills or ability 
to complete a given task (Bandura, 1977) 
Summary and Organization of the Study 
With the offering of an alternative mathematics course to College Algebra for 
students who have lower math skills than others and for students who are not pursuing an 
algebra-based degree, it is imperative to understand both the achievement characteristics (i.e., 
ACT, placement scores) and beliefs (i.e., demographics, math identity) of students enrolled 
in these classes. Thus, the purpose of this study is to gain a more in-depth insight into any 
differences between students enrolled in the PC-I (i.e., College Algebra) course and the 
students enrolled in the QR course. Since the composition of student characteristics in these 
two courses may be different, this information can aid faculty with curricular decisions that 
are specific to the audience they are teaching.  
  This study is organized in a five-chapter format. This chapter provided an 
introduction to the study, the problem, purpose, and significance of the study, as well as the 
research questions and significant definitions. Chapter II will include a review of the 
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literature related to quantitative reasoning, including the history and prior research, as well as 
a review of the literature over the demographics of the traditional college student and the 
cognitive and non-cognitive factors listed in the research questions. Chapter III will give an 
outline of the research design and methodology of this study for potential future replication. 
The section will address the study's goals and objectives, the research approach, the variables 
examined, the instrument used to collect data, and the research design. The analysis of the 
data will be presented in Chapter IV, while the findings of the study, the conclusion, 
implications, and recommendations for future research will be discussed in Chapter V.  
 





Review of Literature 
The overarching goal of this study is to gain a better understanding of the academic 
and belief factors of students now enrolling in their choice of one of two entry-level 
courses, Pre-Calculus I or Quantitative reasoning. Specifically, this study provides 
researchers with a better understanding of the characteristics of students enrolled in either 
a Pre-Calculus I or Quantitative reasoning course at one campus of a large Midwestern 
community college. Also, this study will explore differences in the characteristics of 
students in these two courses. Lastly, this study will attempt to determine characteristics 
that are predictors of the success of college students enrolled in Pre-calculus I and 
Quantitative Reasoning courses. Thus, research that is relevant to this study includes a 
brief overview of College Algebra, as well as exploring quantitative reasoning as a new 
course. The topics covered in this review include: 
1. College Algebra: A Historical Overview 
2. Quantitative Reasoning: A New Course 
3. Achievement Factors That Influence Mathematics 
4. Belief Factors That Influence Mathematics
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College Algebra: A Historical Overview 
College Algebra was introduced as a course in the middle of the 18th century at 
higher education institutions such as Harvard and Yale. It was an elite course designed to 
prepare privileged students for upper-level mathematics courses such as differential 
calculus (Gaze 2018; Tunstall, 2018). During the early 19th century, there was a need for 
secondary students to be able to apply algebraic concepts in real-world contexts such as 
surveying and navigation; therefore, the study of algebra made its way into secondary 
schools (Kilpatrick & Iszak, 2008). During the 19th and 20th centuries, public schools 
became more common, and college enrollment increased, no longer just for the elite. This 
increase in enrollment led to colleges requiring all students to have College Algebra as a 
requirement for admissions, which in turn pushed the teaching of algebra into secondary 
schools (Gordon, 2008).  While students were studying algebra in secondary school and 
colleges were expecting them to begin their college mathematics coursework with 
calculus, students that were enrolling were not ready for calculus; thus, College Algebra 
evolved as the option for these students (Gaze, 2018).  
Over the last six decades, the population of the United States has doubled, which 
has caused an increase in the number of students attending college by roughly ten-fold 
(Gordon, 2008). This increase in enrollment has also caused an increase in the number of 
students taking College Algebra, with over 480,000 students enrolling in the course in 
2010 (Tunstall, 2018). Today College Algebra is still being required of most students and 
being taught as a pathway to calculus, when in reality College Algebra is their only 
required course (Herriott, 2006). Dunbar (2006) found that only 29% of students that take 
College Algebra take business calculus, with only 1% making it to the third course in the 
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calculus sequence. Dunbar (2006) also found that 20% of students have to retake College 
Algebra due to failing or withdrawing from the course. 
College Algebra concepts are still required for students pursuing degrees that 
require calculus. However, for non-STEM related majors College Algebra concepts are 
not necessarily what students need for their future careers.  These students can benefit 
from developing their quantitative literacy skills that they can apply directly to their daily 
lives (Todd & Wagner, 2015). Gordon (2008) pointed out that over the past 15 years, 
there have been significant changes in student's mathematical education due to the 
changing demographics of students taking college-level mathematics, and the changing 
mathematics needs of people. Due to these changes, educators realized that College 
Algebra may not be beneficial to all majors and that students could take a different math 
course to satisfy their mathematical requirements for their degree program. 
Quantitative Reasoning: A New Course 
Due to the need for quantitative literacy, but not all students needing College 
Algebra class for their degrees, a Quantitative Reasoning course was developed. 
Quantitative Reasoning (QR) is a recently developed course now being offered in many 
higher education mathematics departments across the U.S. Because QR is a new course, 
it is important to explore the effectiveness and applicability of the course. In order to 
capture a picture of QR, it is essential to examine how and why a quantitative reasoning 
course evolved, topics embedded within the course, and current studies associated with 
students in this new course. 
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Defining Quantitative Literacy 
The notion of quantitative literacy is the idea of applying mathematics skills to be 
able to problem-solve throughout life. Steen (2001) defined quantitative literacy as "an 
aggregate of skills, knowledge, beliefs, dispositions, habits of mind, communication 
capabilities, and problem-solving skills that people need in order to engage effectively in 
quantitative situations arising in life and work" (p. 5). This study will use Wilkins (2000) 
definition, which describes quantitative literacy as the ability to understand mathematics 
in everyday life. He later expands this definition by stating, "quantitative literacy is more 
of a habit of the mind characterized by a person's motivation to use quantitative 
information and shaped by his or her beliefs, values, and attitudes related to mathematics" 
(Wilkins, 2010, p. 268).  
Historical Beginnings  
With the continued growth of the population of the United States, combined with 
the change in demand for careers, the number of students attending college has drastically 
increased (Gordon, 2008). Historically the job market has called for more STEM 
graduates. However, now, corporations are seeking college graduates that are "proficient 
in using quantitative methods for modeling real-life business scenarios and solving 
complex business problems" (Agustin, Agustin, Brunkow & Thomas, 2012, p. 306). With 
this change, quantitative literacy must become a part of the learning process for college 
students.  
However, most higher education institutions still offer College Algebra for all 
students, regardless if they are a STEM or non-STEM major (Gaze, 2008). Most students 
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enrolled in STEM majors still require higher-level mathematics courses, but this need is 
not the same for non-STEM majors who would benefit more from quantitative 
mathematics that could be applied directly to their daily lives (Todd & Wagner, 2015). 
Since the 1980s, this idea for differentiating the mathematics needs of STEM and 
non-STEM majors has been a topic of conversation. For example, the United States 
Department of Education (1983) released the Nation at Risk report calling for every 
student to be able to use mathematics in their everyday lives. Consequently, in 1989, the 
Mathematical Association of America (MAA) established a subcommittee on quantitative 
literacy that explored the quantitative literacy requirements students needed to obtain a 
degree. The subcommittee came to four conclusions: (1) all college graduates need 
quantitative literacy, (2) all college graduates should be able to apply mathematics 
strategies in order to solve real-life problems, (3) colleges and universities should have a 
leadership department in order to develop a quantitative literacy program, and (4) 
quantitative literacy programs should be assessed regularly by colleges and universities.  
Quantitative literacy was not thought of as a course offering but looked at as a 
thinking skill that was a necessity in life. However, to make math classes more relevant 
to students and to improve success rates in college mathematics, various organizations 
and colleges developed mathematics pathways, a new model of mathematics education 
(Gonga & Mazzariello, 2018). This new pathway allows students to choose their 
mathematics course based on their major. A person with a major that is not mathematics-
based, such as communication or history, might fulfill their college mathematics 
requirement with a quantitative reasoning course. In contrast, a mathematics and 
chemistry major would continue on the traditional algebra pathway.  
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Quantitative Reasoning as a Course 
A QR course was developed to explore topics found in everyday life. The QR 
course at the college level is intended to help students develop the skills and tools needed 
to think critically about quantitative information encountered in everyday life. The course 
highlights solving real-world problems using open-ended exercises that include reading, 
analyzing, calculating, and reporting results.  
Research Related to Quantitative Reasoning as a Course Offering 
Recently, there have been studies of many colleges and universities re-evaluating 
their curriculum and offering a QR course as an alternative to a typical College Algebra 
course. The purpose of this change in the curriculum was to see if students found this 
new course more useful in everyday life and if it had a more positive effect on students 
that were not STEM majors. For example, Tunstall et al. (2016) conducted a study to 
explore if a quantitative reasoning course would affect how students used mathematics in 
everyday life compared to a College Algebra Course. The data showed that the course 
had a positive effect on students' attitudes and showed positive gains in everyday life. 
Tunstall et al. (2016) stated that "the course appears to be a pragmatic and realistic 
alternative for students alienated by College Algebra" (p. 8). 
In 2005, Southern Illinois University embarked on a new general education plan 
that incorporated a QR course. Because QR is such a new course, there was skepticism 
about the effectiveness and applicability. Some of the concerns were that the course was 
watered-down and that students should come to college numerically literate and therefore 
do not need this course. Agustin et al. (2012) examined "the claim that students whose 
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degree programs require a significant math component (e.g., calculus) will acquire 
adequate quantitative reasoning skills as part of their chosen major" (p. 307). The study 
had students that were enrolled in freshman-level mathematics courses, such as College 
Algebra and concepts of statistics, to complete a quantitative diagnostic test. The results 
from the study highlight "the need for a quantitative reasoning course that is not merely a 
"watered-down" or remedial traditional math course" (p. 311). Additionally, it was found 
that traditional mathematics courses, such as College Algebra and Pre-calculus, do not 
provide quantitative literacy skills because of course objective differences.  
Van Peursem et al. (2012) concluded that a quantitative literacy course was a 
good alternative to the traditional College Algebra course for students who possessed 
weaker mathematics skills at the University of South Dakota. The students in the 
quantitative literacy course "reported higher perceptions of usefulness of mathematics 
and in the ability to transfer their knowledge to other situations" (p. 113).  
By examining the research of this new alternative to College Algebra, it seems 
that students that have to take this course find it to be more useful for their everyday life. 
The course seems to be effective, and students can apply what they have learned in the 
course to their future careers.  
Achievement Factors That Influence Mathematics Learning 
When it comes to mathematics, high school performance and academic success 
are also predictors of success. As one begins to examine the factors that influence 
mathematics success for college students, it is important to examine the cognitive factors 
such as high school GPA, ACT scores and mathematics placement scores, which are 
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common indicators of student success in their first mathematics course in college. These 
factors are commonly used by departments of mathematics to place students in the 
appropriate mathematics class.  
High School GPA and ACT Scores 
Two of the most common indicators of student achievement have been school 
grades and standardized achievement, such as ACT scores (Arens et al., 2017). Arens et 
al. (2017) stated that "school grades are very salient to students as they are directly 
communicated, easy to compare among classmates, and entail important implications for 
students' school careers" (p. 623). School grades not only represent student achievement 
but typically indicate other student characteristics such as student effort and behavior 
(Zimmerman, Scüutte, Taskinen & Köller, 2013).  
Most colleges require transcripts showing student’s grades and ACT/SAT scores 
during the application process, with some colleges using these items to determine 
whether a student gets accepted into that particular institute. These tests measure aptitude 
and are said to be predictors of future success in learning (Edge & Friedberg, 1984). The 
ACT is an exam that tests four subject areas: English, Mathematics, Reading, and 
Science. The test intends to measure the skills and knowledge students have developed in 
high school and need to be effective in college (ACT, 1997). Composite Scores are 
calculated by taking an arithmetic average of the four sections and are reported on a scale 
of 1 to 36. The ACT association conducted a study to examine the correlation between 
high school GPA, ACT scores, and college GPA. Data analysis determined a relationship 
between the two GPA's as well as between ACT scores and college GPA (ACT, 2006). 
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Furthermore, other studies have found a relationship between college entrance exams and 
college persistence (Edge & Friedberg, 1984; Houglum, Aparasu, & Delfinis 2005). 
The ACT, although a respectable measure of how educated a student may be, is 
not the only predictor of college success (Tough, 2012). Edge and Friedberg (1984) 
conducted a study to discover the factors determining student achievement in calculus. 
The researcher concluded that the "combination of algebraic skills, as represented by the 
score on the algebra pre-test, and long-term perseverance and competitiveness, as 
measured by high school rank, play a significant role in the prediction of achievement in 
the first semester of calculus" (p.136). Houglum, Aparasu, and Delfinis (2005) conducted 
a study examining the predictors of academic success and failures of students in a 
pharmacy program. Predictors of success found were ACT composite scores, the average 
grade in Organic Chemistry courses, and gender. Armstrong (2010) found that the 
disposition of students and demographic variables showed higher exploratory power than 
test scores and other variables. By reviewing the literature, researchers found that certain 
factors as standardized test scores and GPA are predictors of academic success. 
Researchers also found that belief influences, such as mathematics identity, grit, 
mathematics self-efficacy, and mathematics attitudes, are just as significant. 
Belief Factors That Influence Mathematics Learning 
There have been many studies conducted over the years that have looked at the 
influences on students' academic achievement, particularly in mathematics. Researchers 
are always looking for ways to increase students' belief towards subjects, especially 
subjects that students struggle with, such as mathematics. The following section will 
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provide a description of the belief factors found in the literature that contribute to student 
learning.  
Mathematics Identity 
The idea of identity has become a prominent topic in mathematics education 
research in recent years (e.g., Cobb & Hodge, 2011; Cribbs, Hazari, Sonnert, & Sadler, 
2015; Gee, 2000). Content-specific identity has recently been applied to education by 
researchers in schools and universities to investigate the effects of students' identities 
(Cribbs, Hazari, Sonnert, & Sadler, 2015). According to Gee (2000), researchers in many 
areas of education are starting to see identity as a systematic tool to understand schools 
and people. "Math identity refers to a person's belief, attitudes, emotions, and disposition 
about mathematics and her or his resulting motivation and approach to learning and using 
mathematics knowledge" (Froschi & Sprung, 2016, p. 320). Additionally, Gee (2000) 
described identity as being a certain kind of person based on a particular context or 
situation. With this idea in mind, mathematics identity is viewed as being socially 
constructed (e.g., Sfard & Prusak, 2005; Wenger, 1998). 
Teachers need to understand the significance of identity as it pertains to student 
interest in order to develop relatable activities. For example, Reitzes and Burke (1980) 
found that people were inclined to be involved in activities that were consistent with their 
identities. Specifically, research tells us that mathematics identity is important because it 
can determine students' future engagement with mathematics (Boaler & Greeno, 2000; 
Cribbs, Cass, Hazari, Sadler, & Sonnert, 2016).  
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Identity has been measured using both quantitative and qualitative approaches. 
Many researchers utilize observations, field notes, video recordings, and individual 
interviews to gather information about a student's identity (Bishop, 2012; Cobb, Gresalfi, 
& Hodge, 2009). The method selected by the researchers depends on the way they are 
positioning their work within the literature on identity. For example, research exploring 
student positioning in mathematics classrooms often takes a qualitative approach through 
discourse or storytelling (Bishop, 2012; Boaler & Greeno, 2000). However, when 
exploring core identity – "concerned with students' more enduring sense of who they are 
and who they want to become" – a survey is useful for assessing an individual's 
mathematics identity at that point in time based on an accumulation of prior experiences 
(Cobb & Hodge, 2011, p.189). 
Several researchers have developed instruments to understand a student's identity 
better. Hazari, Sonnert, Sadler, and Shanahan (2010) wanted to investigate students' 
physics identity further, so they developed a quantitative measure of identity in order to 
explore how students' high school experiences shaped their physics' identity. The 
researchers surveyed first-time freshmen over four constructs: interest, performance, 
competence, and recognition. Following the work of Harazi et al. (2010), Cribbs et al. 
(2015) developed a quantitative instrument using the same factors to measure 
mathematics identity. The 5-point Likert type scaled instrument measures the beliefs that 
participants hold about their mathematics identity based on students' perceptions of their 
interest, recognition, competence, and performance.  
 




Bandura (1977) defined self-efficacy as an individual's perception of whether they 
possess the skills to complete a given task. If a person believes that they can achieve a 
task, then it is more than likely that they will succeed. A person's thoughts or perceptions 
of themselves can affect their motivation. Educators believe that the way students 
perceive themselves affects academic achievement (Skaalvik, Federici, & Klassen, 2015). 
According to Peters (2013), an essential factor connected to students' failure in 
mathematics is a lack of self-efficacy. Self-efficacy is connected to personality in that it 
is "relatively stable and has important implications for coping and persistence in 
challenging situations" (Hackett, 1985, p. 46). If a person's self-efficacy levels are high, 
they will more than likely persist and finish the task, people with low self-efficacy tend 
not to finish, some not even starting at all.  
Depending on the self-efficacy levels of an individual, the choices and courses of 
action that a person makes can be affected (Pajares, 1996). Bandura (1997) claims that an 
individual's self-efficacy can predict persistence during a task, the effort that they put 
forth, and their overall attempt. Collins (1982) demonstrated that students with strong 
self-efficacy and perform mathematical problems correctly have a higher persistence on 
difficult problems than students with low self-efficacy. Fast et al. (2010) found that 
"students with higher math self-efficacy persist longer on difficult math problems and are 
more accurate in math computations than are those with lower math self-efficacy" (p. 
729). 
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Researchers have shown that self-efficacy can also be a predictor of mathematics 
success in students. Ayotola and Adedeji (2009) conducted a study to examine the 
relationship between students' mathematics self-efficacy and their academic mathematics 
achievement. They found no difference in self-efficacy scores between males and 
females; however, there was a significant difference between students' mathematics self-
efficacy and their mathematics achievement. 
Self-efficacy has also been known to affect other mathematics attitudes. For 
example, in a study of 262 undergraduate students, Hackett and Betz (1989) examined (1) 
the relationship of mathematical attitudes, mathematics self-efficacy, and mathematics 
performance and (2) whether self-efficacy along with mathematics performance was a 
predictor of educational choices. Analysis of the data revealed that learners who had 
"high scores on mathematics self-efficacy and mathematics performance and 
achievement, compared to those with low scores, tend to report lower levels of 
mathematics anxiety, higher levels of confidence and effectance motivation, and a greater 
tendency to see mathematics useful" (p. 268).  
Klassen, Krawchuk, and Rajani (2008) state that self-efficacy affects levels of 
motivation for not only secondary students but for university students as well. Since 
motivation and self-efficacy can be affected by the way a person performed in the past, it 
is important to examine if self-efficacy or academic achievement is a better predictor of 
motivation (Skaalvik et al., 2015). 
According to Pajares and Miller (1994), mathematics self-efficacy is a better 
predictor of how a student will perform in a mathematics class compared to mathematics 
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anxiety or previous experiences in mathematics. When students are confident in their 
mathematics skills, they usually do not have a problem with the introduction of new 
tasks. If they do struggle in the beginning, they are prone to work harder until they figure 
it out. When students come in with the belief that they are bad at mathematics and tend 
always to struggle, their motivation to try new tasks is low (Skaalvik et al., 2005).  
In their study of 823 middle school students in Norway, Skaalvik et al. (2005) 
explored whether a student's mathematical self-efficacy was a mediator when examining 
the relationship between prior mathematics achievement and student motivation. 
Additionally, they wanted to know if there was a relationship between motivation and 
mathematics. Their study revealed that self-efficacy had a positive and robust relationship 
to students' grades, intrinsic motivation, and persistence.  
Mathematics self-efficacy has been explored qualitatively via interviews and 
open-ended questionnaires as well as quantitatively using predominately Likert-type 
questions. One common scale is the Mathematics self-efficacy scale (MSES) created by 
Betz and Hackett (1983). The scale was created to explore gender differences, how these 
differences affect career choices, and measure students' beliefs about their ability to 
perform mathematical tasks and behavior. Another instrument used in research is the 
Math Self-efficacy and Anxiety Questionnaire (MSEAQ) developed by May (2009). This 
5-point Likert scale consists of 28 questions, 13 self-efficacy (MSEAQ-SE) questions, 
and 13 anxiety (MSEAQ-A) questions.  
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Attitudes Towards Mathematics 
Students need to maintain a positive attitude when it comes to mathematics. 
Keller (2010) suggests that students are motivated by instruction related to their personal 
goals and when they can connect to the learning environment. For decades researchers 
have been interested in exploring the impact of student's dispositions. For example, 
Randelm Stevenson and Witruk (2000) determined that attitudes and beliefs were shown 
to be a strong predictor of achievement. Mcleod (1992) concluded that students with 
negative attitudes towards mathematics are less likely to engage with mathematics. 
Furthermore, attitudes towards mathematics have been shown to be a strong 
predictor of whether students will participate in advanced mathematics courses (Ercikan 
et al., 2005). The way that students feel about mathematics does not only affect their 
academic success in mathematics, but it also affects students "electing to study 
mathematics and its learning" (Fennama & Sherman, 1976, p. 1). Therefore, in order to 
improve students learning of mathematics, it is important to examine students' attitudes 
towards mathematics.  
Attitudes toward mathematics are how students think, feel, see, and act towards 
mathematics (Jovanovic & King, 1998). Neal (1969) states that attitudes towards 
mathematics are a measure of "a liking or disliking of mathematics, a tendency to engage 
in or avoid mathematical activities, a belief that one is good or bad at mathematics, and a 
belief that math is useful or useless" (p. 632). These attitudes develop as young children 
and carry over into adulthood. Student attitudes towards mathematics tend to decrease as 
they progress through the K-12 curriculum (Aiken, 1970). 
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Research (e.g., Mcleod, 1992; Randel, Stevenson, & Witruk, 2000) indicates that 
students' attitudes towards mathematics are correlated with student success. Gupta, 
Harris, Nellie, and Paul (2006) conducted a study to examine the characteristics that 
predict students' success and failure in a basic mathematics class to create interventions 
that promote student success. Pyzdrowski et al. (2012) examined indicators for success in 
a beginning college calculus course. They found that although there was a significant 
positive correlation between course performance and high school GPA and the Calculus 
Readiness Assessment, attitudes towards mathematics and course performance had the 
strongest positive correlation on student performance.  
The usefulness of mathematics can also be associated with student success. In a 
world where mathematics literacy is becoming more important, students want material 
that will relate to their everyday lives. Meyer and Koehler (1990) found that "students' 
perception of the usefulness of mathematics, both immediately and in their future, is a 
variable shown to be strongly associated with mathematics participation and 
achievement" (p. 62). Additionally, Anderman et al. (2001) stated that "whether or not 
students developed a sense of valuing math and reading during the elementary and 
middle school years can have found effects on students' future plans and potential career 
trajectories" (p. 77).  
There have been several instruments designed to measure attitudes towards 
mathematics. For example, Aiken (1974) created an attitude towards mathematics scale 
that measured two constructs, appreciation and use of mathematics. Tapiz and Marsh 
(2004) developed the Attitudes Toward Mathematics Inventory designed to measure the 
mathematics attitudes of high school students. However, the most frequently used 
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instrument to measure attitudes towards mathematics is the Fennema-Sherman 
Mathematics Attitudes Scales (Fennema & Sherman, 1978) consisting of nine subscales. 
In each of these instruments, the authors established the reliability and validity of items in 
the scale and subscales.  
Due to time constraints, this study will only use four of the nine subscales 
corresponding with the constructs of interest: The Attitudes toward Success subscale, the 
Confidence to learn mathematics subscale, the Effectance Motivation subscale, and the 
Usefulness to Learn Mathematics subscale.  
Mathematics Anxiety 
Mathematics anxiety, as defined by Yang (2014), is when a person "feel[s] 
tension, apprehension, and fear of situations involving mathematics" (p. 28). 
Mathematics anxiety continues to be an issue for students as they panic or have mental 
disorganization when it comes to solving math problems (Richardson & Suinn, 1972). 
Luttenberger, Wimmer, and Paechter (2018) define mathematics anxiety as "feelings of 
apprehension and increased physiological reactivity when individuals deal with math, 
such as when they have to manipulate numbers, solve mathematical problems, or when 
they are exposed to an evaluative situation connected to math" (p.312). According to 
Perry (2004), some causes for these fears are a lack of confidence, the fear of being 
wrong, or the uneasy feeling of solving a math problem.  
There are many different levels of mathematics anxiety. Perry (2004) discusses 
some of the levels, with the lowest level being math test anxiety. Many students do well 
on homework and in-class assignments, and they possess the knowledge to answer the 
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questions on a test review correctly. However, when the time comes to take the test, 
students tend to panic and forget the material they were previously confident. The most 
severe level of anxiety is nausea, sweaty palms, and shortness of breath. These symptoms 
can occur from a regular math problem or the introduction of a new topic. 
Many students struggle with math anxiety. Perry (2004) states that 85% of 
students that have to take an introductory or developmental math class suffer from math 
anxiety, whether mild or severe. Math anxiety can cause low confidence in math, causing 
students only to take the minimum math credits to meet requirements (Vahedi & 
Farrokhi, 2011). Many students only take the math they need to graduate, not going any 
further, even though they may have the potential and ability to do higher-level 
mathematics. Andrews and Brown (2015) state that "with this avoidance, students feel 
inferior to their mathematical anxiety and are unable to move forward in their 
mathematical potential, which is an essential area of their education" (p. 363). 
Research has been done to examine the effects that mathematics anxiety has on 
student's mathematics success. For example, Nunez-pina, Suarez-pellicioni, and Bono 
(2012) conducted a study that looked at whether negative attitudes, along with 
mathematics anxiety, could affect college students' educational successes in specific 
courses of their degree. The study found that negative attitudes towards mathematics, 
along with math anxiety, do affect student performance. Students that failed the course 
had higher levels of math anxiety and low levels of confidence, enjoyment of math, and 
motivation. Al Mutawah and Masooma Ali (2015) examined the relationship between 
math anxiety and student success and found a correlation between students' perceived 
achievement and math anxiety. Scheffield, David, Hunt, and Thomas (2006) found that 
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math anxiety had a direct effect on how students perform on mathematics tasks. Ashcraft 
and Kirk (2011) found that individuals with increased mathematics anxiety exhibit 
decreased working memory periods. By using different instruments, researchers have 
been able to explore the effects that mathematics anxiety has on students.  
The Mathematics Anxiety Rating Scale (MARS) has been one of the most cited 
scales used to measure mathematics anxiety for research and clinical studies (Suinn, 
1972). The scale consists of 98 items, with most of the items worded to involve practical 
mathematics situations. This scale was deemed useful, but the time it took to administer 
the test was impractical. For this reason, Suinn and Winston (2003) developed a shorter 
30-item version of the MARS scale. By adapting questions from the shorten MARS scale 
and including self-efficacy questions, May (2009) developed the Math Self-Efficacy and 
Anxiety Questionnaire (MSEAQ). This 5-point Likert scale consists of 28 questions, 13 
self-efficacy (MSEAQ-SE) questions, and 13 anxiety (MSEAQ-A) questions.  
Grit 
Duckworth's (2007) definition of grit points to a person's "perseverance and 
passion for long-term goals" (p. 1087). Thus, grit is composed of two primary 
components perseverance and passion. These two components can also be seen in how 
Duckworth, Peterson, Matthews, and Kelly (2007) defined grit as "your capacity to dig 
deep and do whatever it takes-even sacrifice, struggle and suffer-to achieve your most 
worthy goals in the best ways" (p. 167). Perseverance is the effort to achieve a goal, no 
matter the difficulty or opposition. Duckworth et al. (2007) describe that a person cannot 
just have perseverance, but passion must also be present. During an interview, 
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Duckworth stated, "grit is not about just having resilience in the face of failure, but also 
having a deep commitment that you remain loyal to over many years" (as cited by 
Perkins-Gough, 2013, p. 16). In order to have a passion for a long-term goal, one must 
maintain a deep, loyal commitment over time.  
In exploring the influence of grit, Zimmerman and Brogan (2015) pointed out that 
research has shown that grit predicts student achievement in a variety of contexts. For 
example, Eskreis-Winkle, Duckworth, Shulman, and Scott (2014) found that grit could 
predict high school graduation rates, whether a particular army course would be 
completed, or whether or not salespeople can be retained, and even if males will stay in a 
marriage. More recent studies have looked at grit as being a factor that influences or 
predicts academic achievement. Students who have higher grit tend to have higher 
mathematics achievement scores. Research has shown that students who have more grit 
have a stronger determination to push through difficult problems. (Eskreis-Winkle et al., 
2014) 
Grit has become an emerging construct amongst educational researchers. "New 
research in education is encouraging considering grit as an important aspect to improve 
school performance" (Al-Mutawah & Fateel, 2018, p. 97). For example, Wolters and 
Hussain (2015) conducted a study using 213 students enrolled in undergraduate 
psychology to investigate the relationship between grit, self-regulated learning (SRL), 
and academic achievement. The study found that students who had more confidence in 
completing a task indicated higher diligence, less frustration from setbacks, worked 
harder and expressed more interest in their coursework. Furthermore, Al-Mutawah and 
Fateel (2018) used a descriptive approach research design to investigate the correlation 
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between grit, attitudes, and student achievement. They found a relationship between grit 
and achievement in science and mathematics, as well as a positive correlation between 
grit and academic achievement in mathematics, but not in science achievement. 
The idea of grit has evolved due to work by Angela Duckworth, who studied grit 
for over 12 years and its effects on achievement (Al-Mutawah & Fateel, 2018). 
Duckworth et al. (2007) created a 12-item grit scale; however, the scale displayed little 
evidence of predictive validity. As a result of this, Duckworth and Quinn (2009) started 
an investigation to "validate a more efficient measure of grit" (P. 166). Through rigorous 
testing, Duckworth and Quinn (2009) found a shorter 8-item instrument referred to as the 
Grit-S to be more efficient when it came to measuring grit. The 8-item instrument 
contains four items measuring the consistency of interest and four items measuring 
perseverance of effort. Researchers have found that grit may be content-specific in some 
areas; for example, Kruczek (2017), with permission, modified the Grit-S scale to be 
mathematics-specific and found it to have a good internal consistency of .80 using a 
Cronbach Alpha. Thus, for this study, Kruczek's (2017) modified mathematics version of 
the Grit-S scale will be used to measure grit in this research study.  
Summary 
The literature review gives an overview of the purpose of the study. Being able to 
gather demographics, cognitive, and non-cognitive traits of students enrolled in either a 
Pre-Calculus I or Quantitative reasoning course, describing the characteristics of these 
students, and determining the characteristics that predict success can add to the existing 
literature.  
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In order to develop a curriculum that aids in the success of students in QR or Pre-
Calculus I, we first have to know the characteristics of each group of students in these 
courses. The next chapters, 3-5, are the research methodology, results, and discussion 
sections of the study. The methodology chapter includes the research design, 
instrumentation, participants, setting, and an outline of the data analyses. Chapter 4 
discusses the results of the data analyses, and last, Chapter 5, includes a summary of the 
research and future implications. 
 






This study explored the characteristics of students enrolled in a Quantitative 
Reasoning or Pre-calculus I (i.e., College Algebra) course at one campus of a large multi-
campus Midwestern community college. The quantitative survey design of this study, 
along with the methods of data collection and analysis procedure, will be addressed in 
this chapter. The research questions that guided this study were: 
1. What are the characteristics (i.e., demographics, achievements, and beliefs) of 
college students enrolled in Quantitative Reasoning and college Pre-calculus I 
(i.e., College Algebra) at one campus of a large Midwestern community college? 
2. Are there significant differences in the characteristics (i.e., demographics, 
achievements, and beliefs) between students enrolled in Quantitative Reasoning 
and Pre-calculus I (i.e., College Algebra) at one campus of a large Midwestern 
community college? 
3. Are there significant differences in characteristics (i.e., demographics, 
achievements, and beliefs) between students enrolled in Quantitative Reasoning 
based on whether they were successful in the course? 
4. Are there significant differences in characteristics (i.e., demographics, 
achievements, and beliefs) between students enrolled in Pre-calculus I (i.e., 
College Algebra) based on whether they were successful in the course? 
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5. What combinations of characteristics (i.e., demographics, achievements, and 
beliefs) for college students enrolled in Quantitative Reasoning are predictors of 
success? 
6. Which combination of characteristics (i.e., demographics, achievements, and 
beliefs) for college students enrolled in Pre-calculus I (i.e., College Algebra) are 
predictors of success? 
Research Design 
A cross-sectional survey design approach guided the current study in order to 
explore the characteristics of students in Pre-calculus I (PC-I) and Quantitative 
Reasoning (QR) at a large Midwestern community college. A cross-sectional survey 
design gathers data about a population at one point in time that allows the researcher to 
produce a snapshot of the population about which they are gathering data (Lewis-Beck, 
Bryman, & Futing, 2004). The cross-sectional survey design was used to gather data 
about the participants, including general demographics, achievement, and beliefs. Cross-
sectional survey designs allow the researcher to compare two groups of students "in terms 
of attitudes, beliefs, opinions, or practices" (Creswell, 2008, p. 378).  
Since data was collected at a single point in time, no causal relationships can be 
derived from the analysis of the cross-sectional survey data. However, some of the 
advantages of this type of study are that it can be conducted in a relatively short time 
period and can typically be conducted inexpensively. Cross-sectional survey designs are 
often based on questionnaires and are easy to administer and do not require any 
additional follow-up with participants. However, since there is only one chance to gather 
participant data, there is the possibility of “non-response bias if participants who consent 
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to take part in the study differ from those who do not, resulting in a sample that is not 
representative of the population” (Sedgwick, 2014, p. 1).  
 
Research Setting 
This study was conducted at one campus of a large multi-campus community 
college in the Midwest that offers 86 associate degree programs and 39 credit-bearing 
certificate programs.  This multi-campus community college is one of the largest 
community colleges in the state serving over 22,000 college students during the 2018-
2019 academic year. As of the 2018-2019 school year, 64% of the students at the college 
were Caucasian, 9% were Black or African American, 8% were American Indian or 
Alaska Native, 4% were Asian, less than 1% were Pacific Islander, 9% were two or more 
races, 2% were Non-resident Alien, and 4% were unknown. Eight percent of the 
population were Hispanic. There is a 19:1 student/faculty ratio with class sizes ranging 
from eight to 30 students. Courses are taught using either a face-to-face, blended (with 
part online and part face-to-face), or a fully online platform.  
 Students entering this community college are placed in a traditional college-level 
mathematics course if they score above a 19 on their ACT for the mathematics portion. If 
a student does not meet the ACT minimum requirements, or they have not taken the ACT 
in the past, they are required to take the colleges’ ACCUPLACER® placement test.  
The community college offers two pathways for entry-level mathematics course 
work, including QR for non-STEM pathway students and PC-I for STEM pathway 
students.  The college’s QR course covers skills and tools (including technology) 
required to think critically about quantitative information encountered in daily life. The 
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course emphasizes solving real-world problems utilizing open-ended exercises that 
involve reading, analyzing, calculating, and reporting results.  Topics for the course 
include using numbers in the real world, financial literacy, statistics, probability, and 
linear and exponential modeling. College Algebra supports critical thinking skills and 
prepares students for STEM-related coursework such as higher-level mathematics, 
science, computer science, and engineering courses. Students in College Algebra cover 
topics such as solving systems of linear and nonlinear equations, algebraically solving 
equations and inequalities including linear, quadratic, polynomial, rational, radical, 
absolute value, exponential, and logarithmic, and performing operations on functions 
including compositions.  
Participants 
 The sampling strategy for this study utilized both purposive and convenience 
sampling strategies. Purposive sampling is used when researchers have a particular 
purpose in mind, and the population meets specific criteria. For this study, participants 
had to be 18 years or older, could not be concurrently enrolled, and had to be enrolled in 
either a PC-I or QR course. Also, the sampling strategy is convenient because the 
participants are students at one campus where the researcher works (Creswell, 2008). 
At the beginning of the spring 2020 semester, there were six QR sections with 
175 students and 14 PC-I sections with 309 students. With instructor permission, five QR 
sections were surveyed, with 118 students agreeing to participate, and seven PC-I 
sections with 112 students agreeing to participate. Students were recruited by using a 
script describing the purpose of the study. From the 12 sections that were surveyed, a 
total of 230 out of 312 (73.72%) students participated in the current study. 
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Overall, participants in this study had a mean age of 22.8 years and included close 
to an equal gender distribution with 104 males (45.2%), 123 females (53.5%), and three 
students (1.3%) chose not to report their gender. In terms of ethnicity, nearly a quarter (n 
= 51, 22%) of the students reported that they were Hispanic. More than half (n =150, 
65.2%) of the study participants reported their race as white. The remaining participants 
reported their race as 9.6% (n = 22) were African American, 9.6% (n = 22) indicated two 
or more races, 8.7% (n = 20) were American Indian/Alaska Native, and 7% (n = 16) were 
Asian.  
Data Sources 
  Data for this study were collected from two different sources: a questionnaire and 
institutional data. The questionnaire included demographic questions as well as questions 
involving mathematics identity, grit, attitudes towards mathematics (i.e., confidence, 
success, usefulness, and effectance motivation), mathematics anxiety, and mathematics 
self-efficacy. The institutional data that was gathered consisted of mathematics placement 
scores and the grades that students obtained in their current mathematics course. In this 
section, the various data sources for the study are described. 
Demographics   
In order to capture a picture of who the students were enrolled in QR and PC-I, 
the questionnaire included ten demographic questions aimed at gathering general 
characteristics such as age, gender, ethnicity, major, and current mathematics course in 
which they were enrolled (see Appendix A). By finding out the current mathematics 
course they were enrolled in not only allowed for a portrait of students enrolled in each 
course, QR and PC-I, but also allowed for comparisons across the two courses.    
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Mathematics Identity Scale    
The mathematics identity scale (see Appendix B; Cribbs, Hazari, Sonnert, & 
Sadler, 2015) was used to measure beliefs that participants hold about their math identity 
in terms of their perceptions of math as it relates to interest, recognition, and 
competence/performance. The 5-point Likert-type scale consists of 11 questions across 
these three subscales. Means on the identity survey can range from 1 to 5, with higher 
scores being more indicative that a person identifies as a math person. Illustrative items 
are "I see myself as a math person" and "I look forward to doing math."  Survey items 
were adapted based on Hazari et al. (2010) instrument measuring physics identity. 
Statistical validity and reliability were established in prior research through an 
exploratory factor analysis (Cribbs et al., 2016), confirmatory factor analysis, and 
structural equation model (Cribbs et al., 2015). Additionally, Cribbs et al. (2015) reported 
a Cronbach alpha for the reliability of each subscale as 0.95 for interest, 0.63 for 
recognition, and 0.77 for competence/performance.   
Mathematics Attitudes Scale 
The Mathematics Attitudes Scale (see Appendix C), created by Fennema and 
Sherman (1976), was designed to measure attitudes related to mathematical learning. The 
instrument contains nine subscales that can be used independently. However, due to the 
length of the attitude scales this study chose to only utilize four of these subscales, 
including 1) attitudes towards success in mathematics, 2) confidence in learning 
mathematics, 3) effectance motivation in mathematics, and 4) usefulness of mathematics. 
Each subscale consists of 12 questions, six positively and six negatively worded items 
using a 5-point Likert-type scale ranging from 1: strongly disagree to 5: strongly agree. 
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Mean scores can range from 1 to 5, with higher scores indicating a more positive attitude 
towards mathematics. Illustrative items are "I am sure I can do advanced work in 
mathematics" and "I'd be happy to get top grades in mathematics". Fennema and 
Sherman (1976) reported a split-half alpha of 0.87 for attitudes towards mathematics 
success, 0.87 for effectance motivation, 0.88 for usefulness, and 0.93 for the confidence 
scale.   
Mathematics Self-Efficacy and Anxiety Questionnaire   
The Math Self-efficacy and Anxiety Questionnaire (MSEAQ) (May, 2009) was 
used to measure students’ mathematics self-efficacy and mathematics anxiety. This 5-
point Likert-type scale consists of 28 questions, 13 math self-efficacy (MSEAQ-SE) 
questions, and 13 math anxiety (MSEAQ-A) questions. Mean scores on the MSEAQ can 
range from 1 – 5 with higher scores indicating a higher level of mathematics self-efficacy 
or mathematics anxiety depending on the subscale. In order to explore the construct 
validity of the survey, May (2009) compared the students' responses to the MSEAQ to 
two math self-efficacy tests and two math anxiety tests that had been previously 
established and found significant positive correlations with both the MSEAQ-SE (p < 
.05) and MSEAQ-A (p < .01) subscales. Using Cronbach’s alpha, the overall MSEAQ (α 
= 0.96), MSEAQ-SE (α = 0.93), and MSEAQ-A (α = 0.93) were shown to have a strong 
internal consistency (May, 2009). Illustrative items are "I feel confident when taking a 
mathematics test" and "I believe I can understand the content of a mathematics course". 
A copy of this instrument is included in Appendix D. 
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Short Grit Scale (Grit-s) 
The Short Grit Scale (Duckworth and Quinn, 2009) was modified by Kruczek 
(2017) specifically to measure a student's mathematics-related grit. The scale was 
designed in order to measure participant's "perseverance and passion for long-term goals" 
(Duckworth & Quinn, 2009, p. 166). This 8-item, 5-point Likert-type instrument contains 
four items measuring consistency of interest and four items measuring perseverance of 
effort. The 5-point Likert scale ranges from 1: not at all like me to 5: very much like me. 
To calculate a person’s overall grit, the mean score across the eight items is calculated.  
The overall mean can range from one (not gritty at all) to a five (very gritty). The Grit-S 
scale has been well documented with an internal reliability, reporting a Cronbach alpha of 
0.87 (Strayhorn, 2013). Additionally, Kruczek (2017) reported a Cronbach alpha of 0.80. 
Sample items include "I finish whatever I begin in mathematics" and "In mathematics, I 
am a hard worker" (see Appendix E).   
Achievement Data  
 In order to measure students' level of success in mathematics, both baseline data, 
such as ACT (mathematics and overall) and high school GPA, as well as final grades in 
the QR and PC-I courses, were used. The achievement data for each participant were 
collected by making a request to the university's data management office. As typical, 
letter grades were assigned by the instructor of each section of each course based on a 
student's overall course average. The grading scale for both courses was A: 90-100, B: 
80-89, C: 70-79, D: 60-69, and F: 0-59. In this study, students were considered successful 
if they earned a letter grade of A, B, or C. Students that received a letter grade of D, F, or 
was assigned a W for withdrawal were considered non-successful.   




 Before data were collected, the researcher gained approval from Oklahoma State 
University's Internal Revenue Board (IRB). Data was then collected in two phases.  Phase 
I took place during weeks three and four of the 2020 spring semester. The researcher 
emailed all instructors that taught PC-I and QR courses at the community college. The 
email included the study's purpose and requested permission to administer the surveys to 
students in the various sections of these courses. Once the researcher was granted 
permission to survey the class, students were read a script that contained the purpose of 
the study and was provided a survey packet. The first page of the survey was a consent 
form with a statement informing the participants that by signing the consent form and 
completing the survey, they were providing consent for the researcher to use their 
responses. The participants were also informed that participation in the study was 
voluntary, and they can withdraw from the survey at any time. Students that were at least 
18 and that gave consent were then asked to complete the questionnaire. 
The second phase of the study consisted of collecting final grades of participants 
through the college’s database as well as college records for all participants, including 
ACT scores (composite as well as math sub-scores) and overall high school GPA. A 
spreadsheet containing phase I data was sent to the college’s data office. The college then 
matched the participant’s grades, ACT scores and overall GPA. Once all data was 
matched, all identifiers were removed by the college and sent back to the researcher.  
Data Analysis 
 The researcher used SPSS to analyze quantitative data. Descriptive statistics (e.g., 
means, ranges, and standard deviation) are reported for each part of the instrument and 
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any subscales on the questionnaire.  Additionally, Cronbach’s alphas are reported for 
each instrument overall and for any subscales.  Independent samples t-tests were used to 
make comparisons among the groups, and Pearson correlations were used to determine if 
there were any significant differences among the groups. Table 3.1 provides an overview 
of both the data sources used and data analysis techniques used to answer each research 
question.  
 For research question 1, the researcher used SPSS in order to run a descriptive 
statistic of both the QR group and the PC-I group. A descriptive statistic allows the 
researcher to describe the basic characteristics of each group. The researcher also 
examined the groups broken down by students who were taking an extra essentials course 
and students that were not taking the additional course. These statistics were run in order 
to get an idea of the students that are in both courses. Having an idea of the students in 
the class will give instructors insight into their students and the ability to gear instruction 














Summary of Data Sources and Analyses Used 
Research Question Data Source(s) Data Analysis 
Techniques  
1. What are the characteristics (i.e., 
demographics, achievements, and 
beliefs) of college students enrolled in 
Quantitative Reasoning and college 
Pre-calculus I (i.e., College Algebra) at 
one campus of a large Midwestern 
community college? 













2. Are there significant differences in the 
characteristics (i.e., demographics, 
achievements, and beliefs) between 
students enrolled in Quantitative 
Reasoning and Pre-calculus I (i.e., 
College Algebra) at one campus of a 
large Midwestern community college? 










3. Are there significant differences in 
characteristics (i.e., demographics, 
achievements, and beliefs) between 
students enrolled in Quantitative 
Reasoning based on whether they 
completed the course? 
4. Are there significant differences in 
characteristics (i.e., demographics, 
achievements, and beliefs) between 
students enrolled in Pre-calculus I (i.e., 
College Algebra) based on whether 
they completed the course? 
 












5. Which combination of characteristics 
(i.e., demographics, achievements, and 
beliefs) for college students enrolled in 
Quantitative Reasoning are predictors 
of success? 
6. Which combination of characteristics 
(i.e., demographics, achievements, and 
beliefs) for college students enrolled in 
Pre-calculus I (i.e., College Algebra) 
are predictors of success? 









    
44 
 
For research questions two and three, the researcher used a T-test in order to 
detect differences between the groups of students in both courses. Independent T-test 
takes two sets of data and compares the differences between those sets (Nolan & 
Heinzen, 2010). The assumptions for a two-sample T-test are that 1) the data sets are 
independent of each other, 2) the data must be normally distributed, 3) both samples are 
simple random samples, 4) the data should be able to be represented as scale data, and 5) 
there should be homogeneity of variance. The researcher made sure that these 
assumptions were met.  
For question four, the researcher used a logistics regression model to examine if 
any of the characteristics surveyed are predictors of success. Linear regression models 
attempt to determine the relationship between two variables by finding the line of best fit 
between variables. This model allowed the researcher to predict if any of the 
characteristics examined can predict student success in the two courses. 
Ethical Consideration 
 Research considered all ethical issues, including applying for permission from 
Oklahoma State University's IRB board to conduct the study. All personal information 
was kept confidential, and all data was stored on a password-protected computer, 
available only to the researcher. Student ID numbers were used to align survey data, 
archival data, and final grades. Only aggregate data will be reported.  Any participant 
choosing to leave the study at any time was able to do so. Not participating in the study 
did not affect any of the students' grades in the course. 
 
 




 The purpose of this mixed-methods study was to describe students' characteristics 
in a PC-I and QR course at a large Midwestern community college by collecting 
demographic data and cognitive and non-cognitive characteristics through college records 
and surveys. Differences in cognitive and non-cognitive characteristics of the two groups 
were also calculated. Furthermore, a correlational analysis was conducted to determine 
the relationships between student characteristics and student success. The chapter gave a 
summary of the research design, setting, participants, data sources, procedures, and 
analysis that will be used in the study. The results of the data analysis will be presented in 
Chapter IV, followed by a discussion of the results in Chapter V.  






This quantitative study examined the potential differences in characteristics of 
students enrolled in Quantitative Reasoning (QR) and those enrolled in Pre-calculus I 
(PC-I) at a Midwestern community college and investigated which of these 
characteristics might predict success in these courses. In this chapter, research data will 
be presented that were gleaned from questionnaires, course grades, and institutional data. 
The following questions guided the research study: 
1. What are the characteristics (i.e., demographics, achievements, and beliefs) of 
college students enrolled in Quantitative Reasoning and college Pre-calculus I 
(i.e., College Algebra) at one campus of a large Midwestern community college? 
2. Are there significant differences in the characteristics (i.e., demographics, 
achievements, and beliefs) between students enrolled in Quantitative Reasoning 
and Pre-calculus I (i.e., College Algebra) at one campus of a large Midwestern 
community college? 
3. Are there significant differences in characteristics (i.e., demographics, 
achievements, and beliefs) between students enrolled in Quantitative Reasoning 
based on whether they were successful in the course? 
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4. Are there significant differences in characteristics (i.e., demographics, 
achievements, and beliefs) between students enrolled in Pre-calculus I (i.e., 
College Algebra) based on whether they were successful in the course? 
5. What combinations of characteristics (i.e., demographics, achievements, and 
beliefs) for college students enrolled in Quantitative Reasoning are predictors of 
success? 
6. Which combination of characteristics (i.e., demographics, achievements, and 
beliefs) for college students enrolled in Pre-calculus I (i.e., College Algebra) are 
predictors of success? 
The results presented in this chapter are organized into three main sections. First, 
the characteristics of the students that are enrolled in QR and PC-I will be described 
along with any significant differences between the characteristics of the two groups. 
Second, quantitative data will be examined to determine any significant differences 
between the students that started each course and the students that successfully completed 
the course. The last section includes an examination of characteristics that may affect 
students' success in the course for which they were enrolled. 
Characteristics and Differences of Students Enrolled in QR and PC-I 
For instructors to provide an engaging and relevant curriculum to students 
enrolled in QR and PC-I, it is first essential for them to understand who these students 
are. To have a portrait of their students, instructors need to understand their students' 
demographic/ background characteristics, beliefs related to learning mathematics, and 
prior mathematics achievement (Tahir & Baker, 2009; Choy, 2001). From research 
literature, two commonly used indicators of student achievement are student grades and 
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standardized achievement test scores (Arens et al., 2017). Therefore, student 
characteristics of demographics, beliefs, and achievement data were collected and 
analyzed. In order to determine the characteristics of students enrolled in QR and in PC-I, 
both questionnaires and institutional data such as grade point average and course grades 
were utilized. Descriptive statistics, including frequencies, measures of central tendency, 
and dispersions, were calculated.  Since some participants in each course were also 
enrolled in an essentials lab that provided extra support that the remaining students did 
not receive, descriptive statistics were reported for each course as a whole and each 
subgroup. It is not only important to know the characteristics of the students in each 
course, but also if there are any significant differences between the students in each 
course. Therefore, the researcher analyzed the data for demographics, beliefs, and 
achievements for potential differences.   
Demographics Characteristics 
Descriptive statistics and frequency distribution were used to provide an overall 
picture of the participants enrolled in QR and PC-I (see Table 4.1), including whether 
they were enrolled in the essentials course. The chi-square test of independence was used 
to identify any association between the demographic variables. "When dealing with 
nominal data, the most widely used test of significance is the chi-square test" (Ary et al., 
2006, p. 206). The demographic variables (gender, ethnicity/race, 1st generation college 
graduate, parental education, and major) were analyzed for association between the PC-I 
and QR groups. In order to run a valid chi-square test, there must be two categorical 
variables, with two or more categories for each variable, the observation must be 
independent with no relationships between the subjects, and the sample must be relatively 
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large with frequencies of at least 5 for the majority of the cells. All demographic data 
being analyzed met these criteria.  
Participants' from the PC-I course had a mean age of 23.2 years, which was only 
slightly higher than the QR participants mean age of 22.5 years. For PC-I, results 
revealed a similar overall gender distribution (M = 50%, F = 49.1%); however, for QR, 
the gender distribution revealed slightly more females (57.6%) than males (40.7%). After 
closer analysis, using the chi-square test, there were no significant differences between 
the genders of the two groups (χ 2 (1) = 1.88, p = 0.17). This suggests that each group had 
a similar proportion of males and females.   
As anticipated, the percentage of STEM majors (i.e., nursing, pre-med, air traffic 
control, biology, and engineering) were higher for PC-I (64.3%) compared to the STEM 
majors in QR (12.4%). In contrast, the number of non-STEM majors (i.e., business, 
education, theatre, art, and psychology) were higher for QR (80.5%), compared to PC-I 
(25%).  With the percentage of non-STEM majors being significantly higher (χ 2 (2) = 
74.640, p < 0.001) in QR, it is suggested that students are typically enrolling in the 
recommended course for their particular major. 
 Approximately one-fourth of the students in PC-I (27%) and QR (24%) were 
Hispanic. In terms of race, approximately two-thirds of the participants in each course 
identified themselves as white (64.3% in PC-I and 66.1% in QR).  The remaining 
students identified as African American (11.6% in PC-I and 7.6% in QR), American 
Indian/Alaska Native (8.9% in PC-I and 8.5% in QR), and Asian (8.0% in PC-I and 5.9% 
in QR). When including multi-race self-reporting numbers, 9.5% of students claimed 
more than one race (7.1% in PC-I and 11.9 in QR). The results from the chi-square test 
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indicated no significant differences in ethnicity (χ 2 (1) = 1.045, p = 0.307) or race (χ 2 (4) 






























(n = 112)  
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(n = 118)  
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No 
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(n = 52)  
n (%) 
Gender        
Male 56 (50.0) 35 (53.0) 21 (45.7)  48 (40.7) 30 (45.5) 18 (34.6) 
Female  55 (49.1) 30 (45.4)  25 (54.4)  68 (57.6) 35 (53.0) 33 (63.5) 
Other 1 (0.9) 1 (1.5) 0 (0.0)  2 (1.7) 1 (1.5) 1 (1.9) 
Ethnicity/Race        
American 
Indian/Alaska Native 
10 (8.9) 5 (7.6) 5 (10.9)  10 (8.5) 3 (4.6) 7 (13.5) 
Asian 9 (8.0) 5 (7.6) 4 (8.7)  7 (5.9) 5 (7.6) 2 (3.9) 
African American 13 (11.6) 8 (12.1) 5 (10.9)  9 (7.6) 3 (4.6) 6 (11.5) 
White 72 (64.3) 45 (68.2) 27 (58.7)  78 (66.1) 47 (71.2) 31 (59.6) 
Two or more races 8 (7.1) 3 (4.6) 5 (10.9)  14 (11.9) 8 (12.1) 6 (11.6) 
Hispanic 27 (24.1)  11 (16.7) 6 (13.0)  24 (20.3) 12 (18.2) 12 (23.1) 
1st gen college graduate 22 (19.6) 12 (18.2) 10 (21.7)  31 (26.3) 17 (25.8) 14 (26.9) 
Father's education level        
Did not finish HS 25 (22.3)  14 (21.2) 11 (23.9)  22 (18.6) 12 (18.2) 10 (19.2) 
High school 24 (21.4) 11 (16.7) 13 (28.3)  27 (22.9)  11 (16.7) 16 (30.8) 
Some college 28 (25.0) 15 (22.7) 13 (28.3)  32 (27.1) 21 (31.8) 11 (21.2) 
Four years of college 25 (22.3) 19 (28.8) 6 (13.0)  25 (21.2) 17 (25.8) 8 (15.4) 
Graduate school 10 (8.9) 7 (10.6) 3 (6.5)  12 (10.2) 5 (7.6) 7 (13.5) 
Mother’s education level        
Did not finish HS 18 (16.1) 9 (13.6) 9 (19.6)  19 (16.1) 10 (15.2) 9 (17.3) 
High school 25 (22.3) 14 (21.2) 11 (23.9)  26 (22.0) 14 (21.2) 12 (23.1) 
Some college 38 (33.9) 23 (34.9) 15 (32.6)  29 (24.6) 11 (16.7) 18 (34.6) 
Four years of college 24 (21.4) 13 (19.7) 11 (23.9)  29 (24.6) 23 (34.9) 6 (11.5) 
Graduate school 7 (6.3) 7 (10.6) 0 (0.0)  15 (12.7) 8 (12.1) 7 (13.5) 
Majors        
STEM  72 (64.3) 45 (68.2) 27 (58.7)  17 (14.4) 13 (19.7) 4 (7.7) 
non-STEM 28 (25.0) 13 (19.7) 15 (32.6)  95 (80.5) 49 (74.2) 46 (88.5) 
Undecided 12 (10.7) 8 (12.1) 4 (8.7)  6 (5.1) 4 (6.1) 2 (3.9) 
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Examining general demographic characteristics are important, but it is also 
important to consider other components, such as whether students were first-generation 
college students as well as the highest educational level for each parent or guardian, as 
they may influence a student's success outside of the classroom (Choy, 2001). Almost 
one-fourth of the student participants reported being a first-generation college student. 
The numbers for PC-I (19.6%) were slightly lower than QR (26.3%). At a closer analysis 
of the data, there was no significant difference in the number of first-generation graduates 
between the two groups (χ 2 (1) = 3.92, p = 0.14).  In other words, there is an equal 
amount of first-generation graduate students enrolling in both QR and PC-I. Teachers 
should be aware of the number of first-generation college students, as they may not have 
as much support at home since their parents do not have college experiences (Nelson, 
2009).  
 Another demographic factor outside of the classroom was the participant's 
parental level of education. For students enrolled in PC-I, 22.3% reported that their father 
did not finish college, compared to 18.6% of the fathers of the students in the QR class. 
Likewise, 21.4% of fathers for PC-I student's highest education was high school, 
compared to 22.9% of the fathers for the QR students. The chi-square test revealed that 
there were no significant differences (χ 2 (5) = 1.81, p = 0.88) in father’s education 
between the two groups of students. As for the mother’s education level, results revealed 
a similar overall mean for the mothers that did not finish college (PC-I = 16.1%; QR = 
16.1%); however, the means for the mothers that had some college were slightly higher 
(PC-I = 33.9%; QR = 24.6%). Although the percent of mothers with some college and 
that went to graduate school seemed higher for the PC-I course, there were no significant 
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differences found between the students in each of the two courses based on the 
educational level of the mother (χ 2 (4) = 4.48, p = 0.35). 
Achievement 
Student’s grades in high school, as well as standardized achievement such as ACT 
scores, are two of the most common indicators of student success (Arens et al., 2017). 
Participants' high school GPA and ACT composite and mathematics scores were 
collected using college records to gain a better understanding of a student's prior 
mathematics achievement. The following tables (4.2) list the academic descriptive 
statistics for all participants in QR and PC-I. After examining the means of participant's 
high school GPA, it appears that both the PC-I and QR groups were similar (PC-I = 3.09, 
QR = 3.10). Conversely, when looking at the mean scores of the students ACT composite 
and ACT math scores it appears that the students in PC-I were slightly higher than the 
QR students' in both the overall ACT score (PC-I = 19.62, QR = 18.48) and the ACT 
math score (PC-I = 18.62, QR = 17.36). This could indicate that the PC-I students have a 
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Table 4.2  
Participants Academic Characteristics  
Group n HS GPA M (SD) n 
Overall ACT    
M (SD) 
Math ACT       
M (SD) 
Pre-Calculus I      
          All 96 3.09 (0.53) 76 19.62 (3.48) 18.62 (3.33) 
         No Essentials 56 3.26 (0.49) 52 20.44 (3.38) 19.37 (3.38) 
         With Essentials 40 2.85 (0.47) 24 17.85 (3.08) 16.98 (2.58) 
Quantitative Reasoning      
        All 102 3.10 (0.45) 82 18.48 (0.95) 17.36 (2.71) 
        No Essentials 58 3.27 (0.39) 47 19.26 (2.84) 18.30 (2.92) 
        With Essentials 44 2.89 (0.43) 35 17.46 (2.65) 16.10 (1.76) 
 
After noting these descriptive similarities, an independent samples t-test was used 
to determine if the mean difference was insignificant, indicating a similarity (see Table 
4.3). A 95% confidence level was calculated for the mean difference. Results indicate no 
significant difference (t(196) = -0.21, p = 0.83, d = 0.02) in students overall high school. 
However, there was a significant difference between the two groups' ACT composite 
scores (t(156) = 2.23, p = 0.03, d = 0.45). The effect size for this analysis (d = 0.45) is 
considered a medium effect size, according to Cohen (1988).  There was also a 
significant difference when it came to the students’ ACT math scores (t(156) = 2.61, p = 
0.01, d = 0.42). The effect size for this analysis was also considered a medium effect size 
(Cohen, 1988). These results suggest that the overall background achievement, as 
measured by the ACT overall score as well as the mathematics subscale, were 
significantly higher for the PC-I students than the QR students.   
 












M (SD) df t p  d 
HS GPA 3.09 (0.53) 3.10 (0.45) 196 -0.214 0.83 0.02 
ACT Composite  19.62 (3.48) 18.48 (0.95) 156 2.227  0.03* 0.45 
ACT Math 18.62 (3.33) 17.36 (2.71) 156 2.607  0.01* 0.42 
*Significant at p < 0.05 
Beliefs 
Cognitive characteristics are not the only variable related to student success, non-
cognitive characteristics play a role in students' academic achievement as well. For 
example, Dweck et al. (2011) found that "[t]wo students with equal academic abilities 
can respond in remarkably different ways to frustration, with one relishing the 
opportunity to learn and the other becoming demoralized and giving up" (p. 5).  Thus, 
knowing students' beliefs about mathematics allows teachers to anticipate students' needs 
and develop a curriculum that supports students while acknowledging their belief system 
(Cifarelli, Goodson-Epsy, & Chae, 2010). In order to explore participants’ beliefs, survey 
data were collected and analyzed relate to grit, identity, mathematics attitudes, anxiety, 
and self-efficacy beliefs.  
 Identity. Participant identity was measured using Cribbs, Hazari, Sonnert, and 
Sadler's (2015) mathematics identity scale. Mean scores were calculated based on the 
participant's responses to statements related to interest, recognition, and 
competence/performance. The higher the mean, the more someone identifies as a math 
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person. For this study, the internal reliability for the overall mathematics identity scale 
was a Cronbach alpha of 0.91, the interest subscale had a Cronbach alpha of 0.89, the 
recognition subscale had a Cronbach alpha of 0.92, and the competence/performance 
subscale had a Cronbach alpha of 0.72, indicating a high level of internal consistency, 
and is in line with reliability reported by researchers (Cribbs et al., 2015). The means and 
standard deviations for identity and its three subscales are displayed in table 4.4. The 
overall group identity mean scores seemed similar and slightly weak for the PC-I (M = 
2.82) and the QR groups (M = 2.63). However, at a glance, there may be a difference 
between the two groups when it comes to looking at the scale's subgroups. 
Table 4.4 





Pre-calculus I  Quantitative Reasoning 
 
All 
(n = 112)  
 M (SD) 
No 
essentials 
















(n = 52)  
M (SD) 
Identity 2.82 (0.90) 2.81 (0.92) 2.84 (0.87)  2.53 (0.81) 2.63 (0.85) 2.40 (0.74) 
Interest 3.03 (1.12) 2.99 (1.15) 3.09 (1.09)  2.72 (0.95) 2.75 (1.00) 2.69 (1.05) 
Recognition 2.58 (1.08) 2.58 (1.12) 2.58 (1.04)  2.07 (0.99) 2.17 (1.08) 1.92 (0.87) 
Competence/  
Performance 
2.91 (0.93) 2.90 (0.97) 2.93 (0.87)  2.85 (0.93) 2.99 (0.94) 2.66 (0.90) 
 
Since neither the PC-I nor QR groups met the normality assumptions, a 
nonparametric test was conducted. A Mann-Whitney U test (Table 4.5) was run and 
determined that there are significant differences in median identity scores between the 
PC-I and the QR group, U = 5176, Z = -2.84, p = 0.01, r = -0.18. When looking at the 
subgroups, there were also some significant differences between the groups. Interest 
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medians for PC-I (Mdn = 3.00) and QR (Mdn = 2.67) were significantly different,           
U = 5466.50, Z = -2.27, p = 0.02, r = -0.15. Additionally recognition medians for PC-I 
(Mdn = 2.75) and QR (Mdn = 1.88) were also significantly different, U = 4769, Z = -3.66, 
p < 0.001, r = -0.24. Although there was a significant difference between the three 
characteristics, the effect size for all of these was small, indicating that there is not a large 
relative significance. This indicates that although both groups are on the low side, 
students in PC-I identify more as a math person, find math more interesting, and have 
higher recognition than the students in QR.  
Table 4.5 





PC-I  QR 





Identity 2.93  2.58 5176.00 -2.84 0.01* -0.18 
Interest 3.00  2.67 5466.50 -2.27 0.02* -0.15 
Recognition 2.75  1.88 4769.00 -3.66 0.00* -0.24 
Competence/  
Performance 
3.25  3.25 6498.00 -0.22     0.83     -0.01 
*Significant at p < 0.05 
Grit. In order to determine the level of perseverance and passion that a person has 
to complete a mathematics goal (Duckworth, 2007) amongst the participants, the mean 
scores from the eight-item Grit scale were calculated. Recall that a participant's mean 
score could range from 1 (not gritty at all) to 5 (very gritty).  For this study, the Grit 
Scale's internal reliability was a Cronbach alpha of 0.74, indicating an acceptable level of 
internal consistency and is comparable to the reliability reported by researchers 
    
58 
 
(Duckworth, 2007; Kruczek, 2017). The means and standard deviations for the identity 
for each group are displayed in Table 4.6.  From these descriptive results, it appears that a 
student's mean mathematical grit (PC-I = 3.14, QR = 3.16) is similar regardless of the 
course in which they are enrolled. This suggests that both groups finish tasks, strive to 
meet goals that have been set, as well as continue to maintain interest. 
Table 4.6 











(n = 112)  
 M (SD) 
No 
essentials 
















(n = 52)  
M (SD) 
Grit 3.14 (0.69) 3.12 (0.71) 3.18 (0.68)  3.16 (0.60) 3.17 (0.60) 3.14 (0.60) 
Consistency 
of Interest 
3.10 (0.80)     3.07 (0.87) 3.14 (0.69)  3.08 (0.76) 3.06 (0.74) 3.11 (0.79) 
Perseverance 
of Effort 
3.20 (0.88) 3.18 (0.84) 3.23 (0.93)  3.23 (0.75) 3.29 (0.77) 3.16 (0.77) 
 
After noting these descriptive similarities, an independent samples t-test was used 
to determine if the mean difference was, in fact, not significant, thus indicating a 
similarity (see Table 4.7). A 95% confidence level as calculated for the mean difference. 
Results indicate no significant difference in students' overall mathematics grit nor their 
consistency of interest. However, there was a significant difference between the two 
groups' level of perseverance of effort (t(228) = -0.32, p = 0.04, d = 0.04). The effect size 
was small (d = 0.04), according to Cohen (1988), which could suggest that even though 
there may be a significant difference between the two groups, the difference may be 
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trivial. These results suggest that both groups have a similar general overall grittiness 
when it comes to learning mathematics; however, the QR (M = 3.20) students tenacity 
required to complete a task to the end was significantly higher than that of the PC-I (M = 
3.10) students. 
Table 4.7 






df t p d 
Grit 3.14 (0.69) 3.16 (0.60) 228 -0.11 0.91 0.03 
Consistency of 
Interest 
3.10 (0.80) 3.08 (0.76) 228 0.15 0.88 0.03 
Perseverance of 
Effort 
3.20 (0.88) 3.23 (0.75) 228 -0.32 0.75 0.04 
 
Mathematics Attitudes. Attitudes towards mathematics is a measure of "a liking 
or disliking of mathematics, a tendency to engage in or avoid mathematical activities, a 
belief that one is good or bad at mathematics, and a belief that math is useful or useless" 
(Neal, 1969, p. 632). Fennema and Sherman's Mathematics Attitude Scale (1976) was 
created to measure attitudes related to mathematics. Mean scores can range from 1 to 5, 
with higher scores indicating a more positive attitude towards mathematics. Aligning 
with previous research (Fennema & Sherman, 1976; Hodges & Kim, 2013), the internal 
reliability Cronbach alpha scores for this research study all indicated a high level of 
internal consistency - usefulness (0.93), effectance motivation (0.89), attitudes toward 
success (0.84), and confidence (0.92). Based on observations of means and standard 
deviations in Table 4.8, PC-I appears to have a total higher mean (M = 3.42), than QR (M 
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= 3.22), as well as a higher mean in each category. This would suggest that the students 
in PC-I feel that they will use math more in their everyday life, they are confident when it 
comes to working math problems, they are motivated, and that they will succeed in math 
courses that they may have to take.   
Table 4.8 









(n = 112)  




























3.42 (0.60) 3.44 (0.62) 3.39 (0.57)  3.22 (0.56) 3.28 (0.59) 3.14 (0.52) 
Usefulness 3.54 (0.85) 3.59 (0.86) 3.48 (0.85)  3.37 (0.79) 3.44 (0.75) 3.29 (0.84) 
Confidence 3.15 (0.91) 3.15 (0.95) 3.16 (0.87)  2.92 (0.85) 3.06 (0.89) 2.75 (0.78) 
Effectance 
Motivation 
3.14 (0.74) 3.16 (0.76) 3.12 (0.72)  2.91 (0.78) 2.91 (0.78) 2.91 (0.79) 
Attitudes 
toward success 
3.85 (0.60) 3.88 (0.61) 3.81 (0.60)  3.68 (0.56) 3.70 (0.54) 3.65 (0.60) 
  
The mathematics attitude scores met the homogeneity of variance assumptions, 
but two of the subgroups, confidence and success, did not meet normality assumptions. 
An independent samples t-test (Table 4.9) was used to determine that there was 
significant differences in Effectance motivation (t(228) = 2.32, p = 0.02, d = 0.30) 
between the two groups of students. The effect size (d = 0.30) according to Cohen (1988) 
is a medium effect size.  A Mann-Whitney U test was run to determine if there were 
    
61 
 
differences in confidence and success between the two groups of students. Median scores 
were significantly higher in confidence of mathematics for PC-I (Mdn = 3.13) students 
than QR (Mdn = 2.83) students, U = 6287, Z = -2.07, p = 0.04, r = -0.14. Additionally, 
medians scores were also significantly higher in success of mathematics for PC-I (Mdn = 
3.83) students than QR (Mdn = 3.67) students, U = 5610, Z = -1.98, p = 0.05, r = -0.13. 
These differences suggest that PC-I students are more motivated to do things related to 
mathematics, more confident when it comes to mathematics, and feel like they will be 
more successful in their current and future mathematics courses than QR students.     
Table 4.9 
Group Comparison of Mean Mathematics Attitude Scores 
Belief PC-I  QR 
df t p d 
 M (SD)  M (SD) 
Overall Attitudes 3.42 (0.60)  3.22 (0.56) 228 2.61 0.14 0.35 
      Usefulness 3.54 (0.85)  3.37 (0.79) 228 1.61 0.30 0.21 
       Effect Mot1 3.14 (0.74)  2.91 (0.78) 228 2.32   0.02* 0.30 
1Eff Mot = Effectance Motivation      *Significant at p < 0.05 
Mathematics Self-efficacy and Anxiety. Lastly, the researcher wanted to examine 
if students had the abilities needed to complete a mathematics assignment and if they had 
any fears or feelings of nervousness when completing these tasks. May (2009) created the 
Math Self-efficacy and Anxiety Questionnaire (MSEAQ) to determine students' levels of 
self-efficacy and mathematics anxiety. Mean scores on the MSEAQ-SE range from 1 
(low self-efficacy) to a 5 (high self-efficacy). Mean scores on the MSEAQ-A range from 
1 (low anxiety) to a 5 (high anxiety). For the sample of students in this study, the internal 
reliability of the MSEAQ had a Cronbach alpha 0.95, the MSEAQ –SE had a Cronbach 
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alpha of 0.92, and MSEAQ-A Cronbach alpha was 0.93, which indicates a high level of 
internal consistency. The mean self-efficacy scores for the PC-I group (M = 3.21) appears 
to be slightly higher than the mean score for the QR group (M = 3.18). Additionally, the 
mathematics anxiety scores appear to be similar, with the PC-I class mean (M = 2.86) 
being slightly lower than the QR class mean (M = 2.91). 
Table 4.10 





Pre-calculus I  Quantitative Reasoning 
 
All 
(n = 112)  
 M (SD) 
No 
essentials 
















(n = 52)  
M (SD) 
Mathematics        
Self-efficacy 
3.21 (0.82) 3.19 (0.90) 3.24 (0.71)  3.18 (0.77) 3.28 (0.81) 3.06 (0.70) 
Mathematics 
Anxiety 
2.86 (0.97) 2.88 (1.01) 2.83 (0.93)  2.91 (0.96) 3.05 (0.93) 2.73 (0.97) 
 
After performing an independent samples t-test (Table 4.10), it was determined 
that there were no significant differences between the two groups and that the two groups 
were similar when it came to math self-efficacy t(228) = 0.221, p = 0.24, d = 0.04 and 
math anxiety t(228) = -0.39, p = 0.91, d = 0.05. The effect size for both analyses was 
considered small, according to Cohen's (1988) convention for small effect size (d = .20). 
These results suggest that both groups believe that they can complete a mathematics task. 
However, they also have the same levels of anxiety when it comes to completing 
mathematics assignments.  
 











df t p d 
Self-efficacy 3.21 (0.82) 3.18 (0.77) 228 0.22 0.83 0.04 
Anxiety 2.86 (0.97) 2.91 (0.96) 228 -0.39 0.70 0.05 
 
Differences in Characteristics Based on Successful Completion of QR or PC-I 
 The second goal of this research was to examine whether there were any 
differences in characteristics between the students that were successful and those that 
were unsuccessful in each of the courses. Students were considered successful in the 
course if they received an A, B, or C. Students were considered unsuccessful if they 
received a D, F, or W. Having this knowledge may help the instructor develop lessons 
that will help students that would typically be unsuccessful in this class to succeed. Thus, 
demographics, achievement factors, and belief factors for each course were explored.  
 Demographics. The researcher only chose to examine race and gender when it 
came to demographics based on the small sample size of students that were categorized 
as unsuccessful. When looking at gender between the successful and unsuccessful 
students in PC-I, there was a significant difference (χ 2 (1) = 4.43, p = 0.04). A larger 
percentage of males were unsuccessful (14.29%) than females (6.25%). When examining 
a difference in gender for the students in QR, there were no significant differences (χ 2 (1) 
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= 2.15, p = 0.14) in gender between the students that were successful and the 
unsuccessful students.   
  With regards to race, there were initially seven groups: American Indian or 
Alaska Native, Asian, Black or African American, Native Hawaiian/Other Pacific 
Islander, White, Other, and multi-racial. Since some of the categories had low or no 
representation once separated between successful students and students that were not 
successful, race was collapsed into two groups: the majority (White and Asian) and the 
minority (all others). The reason for dividing race between these two groups was that 
even though demographics are changing due to the increase in college enrollment, Whites 
and Asians continue to make up higher percentages of higher education institutions 
enrollment numbers in the United States when compared to other races (NCES, 2015).    
 Results of the Chi-square test of independence indicated that there were no 
significant differences based on race between students that were successful and those that 
were unsuccessful in PC-I. Similarly, there were also no significant differences based on 
race between students that were successful and those that were unsuccessful in the QR 
course. This suggests that an individual’s race is not a factor when exploring students’ 
level of success in these courses.  
 Achievements. In order to examine if there were any differences in achievement 
factors (high school GPA, Act Composite and Act mathematics scores) between the 
groups that were successful and unsuccessful in both PC-I and QR, an independent 
samples t-test (see Table 4.12) was conducted. The independent samples t-test indicated 
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no significant differences in high school GPA or ACT composite and math scores 
between the successful and unsuccessful students in QR and PC-I.  
High school GPA was found to be significantly different (t(94) = -2.48, p = 0.02, 
d = 0.60) between the successful and unsuccessful group of student in PC-I but not in 
QR. The PC-I successful group had a higher mean high school GPA (M = 3.15) then the 
unsuccessful group (M = 2.83). The effect size (d = 0.60) suggests a medium practical 
significance.  These findings indicate that a student’s prior mathematics achievement as 
indicated by their high school GPA may be a better predictor of success for the students 
enrolled in PC-I than their ACT composite score. 
Table 4.12 










df t p d 
Quantitative Reasoning 
    ACT Composite 18.45 (2.85) 18.64 (3.13) 80 -0.247 0.81 0.06 
    ACT Mathematics Score 17.22 (2.83) 17.91 (2.15) 80 -0.941 0.35 0.27 
    High School GPA 3.12 (0.44) 3.03 (0.48) 100 0.845 0.40 0.20 
Pre-calculus I 
    ACT Composite 19.33 (3.09) 21.53 (5.23) 74 1.89 0.06 0.51 
    ACT Mathematics 18.40 (3.16) 20.03 (4.19) 74 1.46 0.15 0.44 
    High School GPA   3.15 (0.50) 2.83 (0.56) 94 -2.48   0.02* 0.60 
 *Significant at p < 0.05 
Belief Factors.  Due to the majority of the belief factors failing to meet the 
assumption of normality, a Mann-Whitney U test (See Table 4.13) was conducted to 
examine any differences in beliefs between the successful and unsuccessful groups of 
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students enrolled in either QR or PC-I. When examining the belief factors between 
successful and unsuccessful students in QR, consistency of interest was found to be 
significantly different between the two groups (U = 876.50, Z = -2.09, p = 0.04, r = -
0.19). The median for the successful group (Mdn = 3.25) was higher than that for the 
unsuccessful group (Mdn = 2.75). This difference could indicate that the successful group 































U Z p r 
Quantitative Reasoning 
    Grit 2.88 2.88 1118.50 -0.51 0.61 -0.05 
       Consistency of Interest 3.25 2.75 876.50 -2.09   0.04* -0.19 
       Perseverance of Effort 2.75 3.00 1013.50 -1.19 0.23 -0.08 
   Identity 2.61 2.54 1102.00 -0.61 0.54 -0.04 
        Interest 2.67 2.50 1076.50 -0.78 0.44 -0.05 
        Recognition 2.00 1.75 1116.59 -0.52 0.60 -0.03 
        Competence/Performance 3.25 3.00 1026.00 -1.11 0.27 -0.07 
    Attitudes Towards Math 3.00 2.94 916.50 -1.82 0.07 -0.12 
        Usefulness 2.92 2.79 1007.50 -1.23 0.22 -0.08 
        Confidence 3.17 3.13 1172.00 -0.16 0.88 -0.01 
        Effectance Motivation 3.00 2.92 1057.50 -0.91 0.37 -0.06 
        Success 3.00 2.92 957.50 -1.56 0.12 -0.10 
   Self-Efficacy 3.14 3.25 1053.50 -0.93 0.36 -0.06 
   Math Anxiety 3.10 2.67 1060.50 -0.88 0.38 -0.06 
Pre-calculus I 
    Grit 2.88 3.00 924.50 -0.41 0.69 -0.03 
       Consistency of Interest 3.00 3.13 931.50 -0.35 0.72 -0.02 
       Perseverance of Effort 2.75 3.00 888.50 -0.67 0.50 -0.04 
   Identity 2.92 2.94 965.00 -0.10 0.92 -0.01 
        Interest 3.00 3.33 939.50 -0.29 0.77 -0.02 
        Recognition 2.75 2.50 949.50 -0.22 0.83 -0.01 
        Competence/Performance 3.25 3.25 966.00 -0.10 0.92 -0.01 
    Attitudes Towards Math 3.04 2.96 719.50 -1.92 0.06 -0.13 
        Usefulness 2.92 2.79 937.00 -0.31 0.76 -0.20 
        Confidence 3.08 3.00 751.50 -1.69 0.09 -0.11 
        Effectance Motivation 3.00 2.92 689.00 -2.16  0.03* -0.14 
        Success 3.08 3.04 933.50 -0.34 0.74 -0.02 
   Self-Efficacy 3.21 2.86 697.00 -2.09  0.04* -0.14 
   Math Anxiety 3.13 3.07 943.00 -0.27 0.79 -0.02 
*Significant at p < 0.05 
  When it came to the PC-I course, there was a significant difference in effectance 
Motivation (U = 689.00, Z = -2.16, p = 0.03, r = -0.14) between the two groups of 
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students. The effectance motivation median was slightly higher for the successful group 
(Mdn = 3.00) than the unsuccessful group (Mdn = 2.92).  Additionally, there was also a 
significant difference in students’ mathematics self-efficacy (U = 697.00, Z = -2.09, p = 
0.04, r = -0.14) with the successful group (Mdn = 3.21) having a higher median score 
than the unsuccessful group (Mdn =2.86). These findings indicate that students that are 
more motivated to do mathematics, and believe in their skills, may be more successful in 
PC-I than other students in the same course.   
Predictors of Academic Success of Students Enrolled in PC-I and QR 
After looking at the differences in characteristics between successful and 
unsuccessful students, the final goal was to determine if any grouping of characteristics 
examined in the study could predict success. Success was determined by receiving an A, 
B, or C in the current mathematics course. Students that failed to succeed received a D, F, 
or W in the course. A binary logistics regression was performed for each course to 
determine the best combination of independent variables that could predict academic 
success, as measured by successful completion of the course. All achievement and belief 
factors were originally included in the model, as well as key demographics (gender, 1st 
generation graduate, race (minority/majority), and parent’s education).  
 Factors in each category were regressed based on whether a student succeeded or 
failed to succeed in the course. Success rates were coded as a dichotomous variable, with 
failure to succeed coded as a 0 and success coded as a 1. Table 4.14 presents the results 
when pass rates were regressed on demographic variables. 
 














Sig Odds Ratio 
Quantitative Reasoning 118     
    Gender (1 = male, 2 = female)  0.80 0.48 0.10 2.22 
    Race (1 = majority, 2 = minority)  -0.74 0.49 0.15 0.50 
    First Generation Student (1 = yes, 2= no)  -0.39 0.67 0.57 0.68 
    Fathers Education  0.53 0.24  0.03* 1.69 
    Mothers Education  -0.40 0.23 0.08 0.67 
Pre-calculus I 112     
    Gender (1 = male, 2 = female)  1.12 0.53  0.04* 3.05 
    Race (1 = majority, 2 = minority)  0.13 0.59 0.82 1.14 
    First Generation Student (1 = yes, 2= no)  0.82 0.71 0.25 2.27 
    Fathers Education  -0.36 0.27 0.19 0.70 
    Mothers Education  0.23 0.34 0.49 1.26 
 *Significant at p < 0.05 
For the QR course the only significant demographic variable was Father’s 
education (p = 0.03). This result indicates that the higher the father’s education, the more 
successful students were in the QR course. Students that had educated fathers’ were 1.69 
times more successful than students that had uneducated fathers. When considering 
demographics for the PC-I course, gender was positively related (p = 0.04) to students 
success rates. Based on the odds ratio, females had 3.05 times higher odds of success than 
males.   
 Similarly, achievement data was regressed on success rate (See Table 4.15) 
indicating no significant correlations between any of the variables for QR students. 
However when it came to PC-I students, there was a significant positive correlation (p = 
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0.01) between success rates and students high school GPA scores. These results suggest 
that the higher a students’ High School GPA, the more successful they were in their 
current mathematics course.  Students with a higher GPA was 3.94 times more successful 
in the course. 
Table 4.15 










Sig Odds Ratio 
Quantitative Reasoning 81     
    ACT Composite  0.02 0.13 0.86 1.02 
    ACT Mathematics Score  0.02 0.13 0.86 1.02 
    High School GPA  0.48 0.56 0.39 1.62 
Pre-calculus I 72     
    ACT Composite  -0.18 0.12 0.15 0.84 
    ACT Mathematics  -0.02 0.12 0.89 0.98 
    High School GPA    1.37 0.51  0.01* 3.94 
*Significant at p < 0.05 
 Next, belief characteristics were regressed on success rates (See Table 4.16) 
indicating a positive correlation between consistency of Interest (p = 0.03) and success 
rates for the students in the QR course. Students with a higher consistency of interest was 
2.17 times more successful in the course. Additionally, usefulness of mathematics was 
positively correlated with success of QR students (p = 0.02). Students who found math 
more useful were 12.66 times more successful in the course than students’ who did not 
feel that they would use math outside of the course. 
These belief results show that the more interested a student is in mathematics, as 
well as how much they feel that they will use the information when it comes to their 
career, the more successful they were in the course. When examining PC-I students, the 
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one positive relationship found was with self-efficacy. Students with a higher self-
efficacy was 5.59 times more successful in the course. The more a student believes in 
their ability to complete a mathematics problem, the more successful they were in the 
PC-I course.  
Table 4.16 
Logistics Regression Statistics for Beliefs 
Belief n β SE Sig Odds Ratio 
Quantitative reasoning 118  
    Grit      
       Consistency of Interest  0.77 0.35   0.03* 2.17 
       Perseverance of Effort  -0.47 0.36 0.19 0.63 
   Identity      
        Interest  0.54 0.40 0.17 1.72 
        Recognition  -0.23 0.37 0.53 0.80 
        Competence/Performance  0.82 0.53 0.12 2.28 
    Attitudes Towards Math      
        Usefulness  2.54 1.11   0.02* 12.66 
        Confidence  0.35 0.97 0.72 1.42 
        Effectance Motivation  -0.12 0.93 0.90 0.89 
        Success  1.76 0.96 0.07 5.82 
   Self-Efficacy  -1.10 0.64 0.09 0.33 
   Math Anxiety  0.04 0.43 0.93 1.04 
Pre-Calculus I 112  
    Grit      
       Consistency of Interest  -0.04 0.35 0.91 0.96 
       Perseverance of Effort  -0.18 0.32 0.58 0.84 
   Identity      
        Interest  -0.47 0.38 0.22 0.63 
        Recognition  -0.01 0.41 0.98 0.99 
        Competence/Performance  -0.61 0.55 0.27 0.54 
    Attitudes Towards Math      
        Usefulness  -1.44 1.27 0.26 0.24 
        Confidence  2.05 1.29 0.11 7.73 
        Effectance Motivation  2.40 1.30 0.07 11.04 
        Success  -0.01 0.90 0.99 0.99 
   Self-Efficacy  1.72 0.70   0.01* 5.59 
   Math Anxiety  0.43 0.49 0.38 1.54 
*Significant at p < 0.05  
Once all characteristics were analyzed for each category, a final model for each 
course (See Table 4.17) was created with characteristics that had a significant correlation 
with success and all insignificant characteristics were removed. Initially fathers’ 
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education was included in the final model for QR, but was removed due to being non-
significance. Consistency of interest (p = 0.01) and usefulness of mathematics (p = 0.05) 
were the two significant characteristics for the QR class, with both being positively 
correlated with success. Students that found math more useful were 6.99 times more 
successful and students’ that were more interested were 2.19 more successful than other 
students. When it comes to the QR course, students that were more interested in the 
material and found the material to be useful in their future careers were more successful.  
Table 4.17 







Sig Odds Ratio 
Quantitative Reasoning   
    Consistency of Interest 118 0.78 0.32   0.01* 2.19 
    Usefulness 118 1.94 0.98   0.05* 6.99 
Pre-calculus I   
    High school GPA 72 1.69 0.57 < 0.01* 5.43 
    Gender 112 1.81 0.66   0.01* 6.10 
    Self-efficacy  112 1.09 0.43   0.01* 2.98 
*Significant at p < 0.05 
For students in the PC-I course high school GPA (p < 0.01) was significant, with 
students with higher GPA’s being 5.43 times more successful. Gender (p = 0.01) was 
significant with females being 6.10 times more successful than males. Last self-efficacy 
(p = 0.01) was also significant with students with higher self-efficacy 2.98 times more 
likely to succeed than other students. Students that have a higher high school GPA, 
believe in their ability to complete mathematics problems, depending on gender, were 
more successful when it came to PC-I.  












 Historically, College Algebra has been the recommended mathematics course for 
nearly all degree plans. However, recently colleges have re-evaluated their mathematics 
course curriculum offerings and have begun offering alternate pathways where students 
could take courses such as Quantitative Reasoning to fulfill their degree programs' 
mathematics needs. The primary emphasis for any new pathway course is to ensure that 
these courses are beneficial to students' success in their future careers and lives. 
There has been research conducted over the years that have examined 
demographic factors, such as gender, race, and ethnicity and have found that student 
populations are becoming more diverse than in the past (NCES, 2015). Research has also 
examined other topics that may be indicators of students' success, such as achievement 
data (high school GPA and ACT scores) and belief factors (identity, grit, mathematics 
attitudes, self-efficacy, and mathematics anxiety) (Easton, 2013). This study adds to this 
collection of research as it examines the demographics of students that are now taking 
College Algebra and QR as well as the impact that demographics, achievement, and 
beliefs have on student success in mathematics courses.  
Participants in this study included 118 students enrolled in Quantitative 
Reasoning, and 112 students enrolled in Pre-calculus I.  The study used self-reported 
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questionnaire responses and institutional records to gather demographic, achievement and 
belief data for each participant. Quantitative data analysis, including inferential statistics 
and regression analyses, were used to answer the research questions.  
This chapter includes a discussion of the findings for each goal and its specific 
research questions and how these findings relate and add to the literature related to 
understanding the students' instructors are working within entry-level mathematics 
courses. This chapter will begin with a discussion of the conclusions that can be gleaned 




 The first goal of this study was to describe important characteristics of students 
enrolled in PC-I and QR at a large Midwestern community college and explore any 
significant differences between those characteristics.  To address this goal, the specific 
research questions were: 
R1. What are the characteristics (i.e., demographics, achievements, and beliefs) of 
college students enrolled in Quantitative Reasoning and college Pre-calculus I 
(i.e., College Algebra) at one campus of a large Midwestern community college? 
R2. Are there significant differences in the characteristics (i.e., demographics, 
achievements, and beliefs) between students enrolled in Quantitative Reasoning 
and Pre-calculus I (i.e., College Algebra) at one campus of a large Midwestern 
community college? 
    
75 
 
 Summary of Results. A chi-square test indicated no differences in the examined 
demographic characteristics between the two groups of students. An independent samples 
t-test was used to suggest that PC-I students had significantly higher ACT composite and 
math scores than QR students. Additionally, when it came to beliefs, PC-I students had a 
significantly higher overall Identity, including interest and recognition subscales, as well 
as a higher effectance motivation mean.    
   Discussion.  Regardless of the fact that the majority of students that were 
pursuing STEM-related degrees were taking Pre-calculus I and those pursuing non-
STEM related degrees were taking Quantitative Reasoning, both groups tended to have 
similar demographic characteristics. In terms of race and ethnicity, no significant 
differences were found between the two groups of students. Additionally, with the 
majority of students in both groups being white, suggest that there is a lack of minorities 
that are enrolling in these courses. These findings align with Pryor et al. (2006), who 
stated that racial minority students are “still lagging behind their Asian and White peers 
with respect to academic preparedness in mathematics upon college entry” (p. 21). 
Although there is a lack of diversity in the classroom, teachers must still support this 
diversity as it has a positive effect in the classroom and students learn a lot when they are 
able to interact and get diverse perspectives in the curriculum (Hurtado, 2001).  With 
there being no differences in demographics between the courses, instructors of both QR 
and PC-I must incorporate curriculum that connects to students of all demographic 
backgrounds.  
There were findings in this study that showed significant achievement differences 
between the two groups of students. Arens et al. (2017) discussed that GPA and 
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standardized achievement, such as ACT scores, are two of the most common indicators 
of students' success. In this study, students' GPAs were similar; however, there was a 
significant difference between the mean ACT composite scores and the mean ACT math 
scores between the two groups. With students in PC-I having significantly higher mean 
ACT composite and mathematics subscale scores than students in QR, findings suggest 
that students with higher mathematics skills are enrolled in the course with more 
computational mathematics, and the students with lower mathematics skills are enrolled 
in the course focused on critical thinking and real-world problem-solving. It is important 
for instructors to examine the ACT scores of their students coming in so that they have 
insight on the student’s that may struggle and student’s that are perceived to have 
stronger mathematics skills based on their mathematics ACT score. This insight will help 
to develop curriculum that not only allows students to gain stronger mathematics skills, 
but also to challenge the student’s that come in with stronger skills.  
Additionally, it is important to know about students’ beliefs as these beliefs can 
enable students to learn and be successful (Garcia, 2014; Tough, 2012). The belief factors 
in this study measure participants levels of anxiety when it comes to mathematics, their 
level of perseverance, whether they view themselves as a mathematics person, and their 
attitudes about mathematics, including how confident they are when it comes to 
mathematics and how useful they may see math in their future endeavors.   
When examining identity, it was found that students in PC-I had a higher median 
score for overall identity, as well as two of the identity sub-scores, interest and 
recognition. Reitzes and Burke (1980) found that people were inclined to be involved in 
activities that were consistent with their identities. The findings on identity are important 
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because it shows that students that identify more as a math person tend to enroll in PC-I, 
which is a more computational math course and are geared toward careers such as 
engineering and nursing. These findings also suggest that students that are enrolling in 
QR and do not have a strong mathematics identity are in a course that focuses more on 
real-world mathematics such as interest rates and logic that can be applied to careers such 
as teaching and social work. 
When examining mathematics attitudes, a significant difference was found in 
students' effectance motivation, mathematics confidence, and mathematics success. 
Scores for PC-I students were higher than those for QR students. These findings suggest 
that PC-I students are more confident, have more motivation to perform mathematical 
tasks, and see themselves as being successful in mathematical assignments and courses. 
Ercikan et al. (2005) discussed how students with higher mathematics attitudes would be 
more likely to participate in an advanced mathematics course. With PC-I being a course 
that prepares students for higher mathematics, it is good for instructors to know that 
students with higher mathematics attitudes are enrolling in courses that prepare them to 
move on to higher mathematics. Additionally, instructors need to consider the interests of 
their students as they develop their curriculum for QR students ensuring that students find 
it relatable and potentially serving to build their confidence in mathematics. When 
students are more confident in themselves, they are more motivated to succeed in the 









The second goal was to determine any significant differences in characteristics 
between the students that were successful or failed to succeed within each course.  To 
address this goal, the specific research questions were: 
R3. Are there significant differences in characteristics (i.e., demographics, 
achievements, and beliefs) between students enrolled in Quantitative Reasoning 
based on whether they were successful in the course? 
R4. Are there significant differences in the characteristics (i.e., demographics, 
achievements, and beliefs) between students enrolled in Quantitative Reasoning 
and Pre-calculus I (i.e., College Algebra) based on whether they were successful 
in the course? 
 Summary of Results. A chi-square test revealed that females were more 
successful than males in the PC-I course. An independent samples t-test indicated 
significant differences in GPA, effectance motivation, and self-efficacy between students 
that succeeded and failed to succeed in the PC-I course. Additionally, there was a 
significant difference in consistency of interest between students that succeeded and 
failed to succeed in the QR course. 
Discussion.  Due to a low value of unsuccessful students, the researcher only 
chose to examine the gender and race of the students that were successful and 
unsuccessful in QR and PC-I. There was a significant difference in the success rates for 
students in the PC-I when it came to gender. There was a higher percentage of males that 
were unsuccessful than females. These results contradict Lesik’s (2006) claims that there 
were no differences between males and females in the classroom. Instructors need to be 
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aware of the number of male and female students in their classes and make sure the 
curriculum is relatable to both genders. The researcher found no significant differences 
when it came to race between the students that were successful or unsuccessful in either 
of the courses.  
When it comes to previous academic achievements such as students’ high school 
GPA and ACT composite and mathematics scores, there were no significant differences 
in any of the factors when it came to the students' in QR. However, there was a 
significant difference when it came to students' ACT composite scores. Interestingly, the 
unsuccessful students had a higher mean than the students' that were successful. 
Conversely, students that were successful in the course had a higher high school GPA 
than unsuccessful students. These results align with research that suggests grades are 
more significant to students' because they can be directly communicated and easily 
compared amongst other students (Arens et al., 2017). By examining student’s grades 
before the start of the course, instructors can anticipate the needs of student’s. Curriculum 
needs to not only challenge students with stronger mathematics skills, but it also needs to 
improve students with weaker mathematics skills. By examining student’s high school 
GPA instructors will have an idea of the range of mathematics skills that incoming 
students will have coming into to the class. Instructors also need to know that it is 
important to update student’s grades on a regular basis and to give immediate feedback to 
aid student’s in successfully completing the course.   
 Research (e.g., Bandura, 1997; Duckworth et al., 2007; Fennama & Sherman, 
1976) indicates that belief factors such as grit, attitudes towards mathematics, and self-
efficacy can contribute to student success. There were no differences found in overall grit 
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in examining the two groups of students in the QR course. However, there was a 
significant difference in the consistency of interest factor of the grit subscale. The 
students that were successful in the QR course had more of a commitment and passion 
for finishing the course. Additionally, there was a significant difference found between 
students' attitudes for mathematics in the QR course. The successful students had a more 
positive attitude towards mathematics than the unsuccessful students. When creating 
curriculum, instructors need to ask themselves what problems can help students to 
maintain and develop a positive mathematics attitude, as well as keep students interest. 
Just randomly assigning students work, without taking attitudes and interest into 
consideration does not aid in the success of student’s that may have a negative outlook 
when it comes to mathematics.  
 In examining belief factors between successful and unsuccessful students in PC-I, 
there was also a significant difference in attitudes towards overall mathematics scale, as 
well as the subscales of confidence and effectance motivation, between the successful 
and unsuccessful students, with successful students having a higher median score than the 
unsuccessful students for all categories.  This finding aligns with research (e.g., Mcleod, 
1992; Randel, Stevenson, & Witruk, 2000) that indicates that students' attitudes towards 
mathematics are correlated with student success. Additionally, there was a significant 
difference found in self-efficacy between students that were successful and unsuccessful 
in the PC-I course, with successful students having a higher median score than 
unsuccessful students. Researchers Ayotola and Adedeji (2009) found that there were 
significant differences between students' mathematics self-efficacy and mathematics 
achievements. These findings also give instructors the insight that attitudes do play a role 
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in student’s outcomes when it comes to mathematics learning. Finding a way to boost 
student’s confidence whether it is immediate feedback, words of encouragement, or a 
more thought out curriculum, is worth the time and effort in order to aid in student 
success. 
Goal 3 
The study's last goal was to determine relationships between the academic success 
of the participants and their demographic, prior achievement, and belief factors.  To 
address this goal, the specific research questions were: 
R5.  What combination of characteristics (i.e., demographics, achievements, and 
beliefs) for college students enrolled in Quantitative Reasoning are predictors 
of academic success? 
R6.  What combination of characteristics (i.e., demographics, achievements, and 
beliefs) for college students enrolled in Pre-calculus I (i.e., College Algebra) 
are predictors of academic success? 
Summary of Results. A binary logistics regression indicated that consistency of 
interest and the usefulness of mathematics were predictors of success for students in the 
QR course. High school GPA, gender, and self-efficacy were predictors of success for the 
students in the PC-I course. 
Discussion.  Students were divided into two groups within each course, 
successful and failure to succeed. The successful group consisted of students that earned 
an A, B, or C, where students that failed to succeed earned a D, F, or W for their current 
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mathematics course. To determine if any of the characteristics being examined in the 
study were predictors of success, a binomial logistics regression was performed. 
The binomial regression found that consistency of interest and usefulness of 
mathematics were predictors of success for the students in the QR course. Meyer and 
Koehler (1990) found that "students' perception of the usefulness of mathematics, both 
immediately and in their future, is a variable shown to be strongly associated with 
mathematics participation and achievement" (p. 62). This finding is beneficial and lets 
instructors know that students see the QR course information as something they will use 
in the future, which is one of the reasons for the course. Additionally, Wolters and 
Hussain (2015) found that students who had more confidence in completing a task 
indicated higher diligence, less frustration from setbacks, worked harder and expressed 
more interest in their coursework. It is important for instructors to present material that 
students find interesting and relatable in order to increase student success in the QR 
course   
High school GPA, gender, and self-efficacy were found to be predictors of 
success for the PC-I group. It was interesting that self-efficacy was the only belief 
predictor for PC-I students, but according to Pajares and Miller (1994), mathematics self-
efficacy is a better predictor of how a student will perform in a mathematics class 
compared to mathematics anxiety or previous experiences in mathematics. Furthermore, 
other studies have found a relationship between students GPA and college persistence 
(Edge & Friedberg, 1984; Houglum, Aparasu, & Delfinis 2005). Students that have 
higher high school GPA’s were more successful in PC-I. This shows that students that 
worked hard in high school brought these same efforts into their college experience, 
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Additionally, the study found that females were more successful than males in PC-I, this 
contradicts findings that male students are more prepared for college-level mathematics 
than female students (Lesik, 2006; Nook, 2013).  
Limitations of the Study 
 The limitations of the study will be discussed in terms of study participants, the 
instruments used to measure belief characteristics, and unplanned pandemics.  
One limitation of this study was in how the sample of the study was chosen. The 
study utilized a convenience sampling method in which students that enrolled in QR or 
PC-I were invited to participate. Students participated in the study voluntarily. Because 
participation was voluntary, students that choose to participate could have had higher 
mathematics attitude, lower mathematics anxiety, identified as a mathematics person, and 
could be grittier than the students that did not participate. This could cause a limit in the 
range of scores. This is likely since many students come to college, having previously 
had a negative experience with mathematics. Also, the sample consisted of students at 
one campus of a Midwestern community college, so the results may not represent the 
overall population of the college.  
Another limitation of the study may be an unplanned pandemic. The coronavirus 
emerged in the middle of the semester and ultimately shut down the state. This shut down 
forced the college to move all classes online. This shift could have affected students that 
need a classroom environment and a face to face teaching environment to succeed in the 
course. Some students may not have had computer or internet access, making it difficult 
to attend class or complete the course. Both of these reasons could have affected students' 
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overall grade, the number of students' that were successful in the course, and the number 
of students that withdrew from the course. 
Suggestions for Future Research 
 The purpose of this study was to investigate demographics, achievement, and 
belief factors to gain information about the students in QR and PC-I, as well as to 
examine the effects these characteristics had on students' success. The results of the study 
revealed differences between students in QR and PC-I. The students were 
demographically similar, but the two groups were different when it came to pre-college 
achievements. The two groups were different when it came to belief factors, and the 
predictors of success for both groups were also different. Further research is needed to 
help students improve their belief characteristics and provide information on students that 
are now taking QR and PC-I. 
First, since the study took place at only one campus of a Midwestern community 
college, including all students of the community college, it may help describe these 
students more accurately and find other characteristics that may predict success. Since 
there were no significant differences found in demographics between the two students, 
and minority enrollment seemed low, future research should explore if having a larger 
sample size can affect these findings. 
  Another area of research would be to conduct this study in the fall semester. 
There tends to be higher enrollment during the spring compared to the fall, which could 
allow teachers to know who the students are enrolling in their courses during the spring 
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semester. This future research idea could also give insight on any differences between the 
students that enroll in the fall compared to the spring.   
Conclusion 
 This study explored the characteristics of demographics, achievement, and beliefs 
of students in QR and PC-I to give instructors insight into the students enrolling in their 
course. This insight will help instructors to develop activities and curriculum to aid in the 
success of students'. Boylan (1999) suggests that good education starts with "an 
institutional commitment to the concept of educational development" (p.4).  
Understanding student demographics, as well as their previous academic information, 
helps instructors to complete the picture of who their students are. Research has indicated 
that belief factors, such as mathematics attitudes and self-efficacy, play a role in student 
success, so instructors must encourage these concepts to make students are aware of the 
impact. With this new mathematics pathway being offered at the current college and 
universities across the country, time should be spent on knowing the types of students 
going into these new courses to ensure that students are succeeding. 





Adelson, J., & McCoach, B. (2011) Development and psychometric properties of the 
math and me survey: Measuring third grade through sixth graders attitudes 
towards mathematics. Measurement and Evaluation in Counseling and 
Development, 44(4), 225-247. doi:10.1177/0748175611418522 
Aiken, L. R. (1970). Attitudes toward mathematics. Review of Educational Research, 
40(4), 551–596. https://doi.org/10.3102/00346543040004551 
Aiken, L. (1974). Two scales of attitude toward mathematics. Journal for Research in 
Mathematics Education. 5(2), 67-71. 
Anderman, E., Eccles, J., Yoon, K., Roeser, R., Wigfield, A., & Blumenfeld, P. (2001). 
Learning to value mathematics and reading: Relations to mastery and 
performance-oriented instructional practices. Contemporary Educational 
Psychology, 26, 76-95.  
Arens, A., Marsh, H., Pekrun, R., Lichtenfeld, S., Murayama, K., & Vom Hofe, R. 
(2017). Math self-concept, grades, and achievement test scores: Long-term 
reciprocal affects across five waves and three achievement tracks. Journal of 
Educational Psychology, 109(5), 621-634. 
    
87 
 
Al Mutawah, M. A. (2015). The Influence of mathematics anxiety in middle and high 
school students math achievement. International Education Studies, 8(11), 239-
252.  
Al-Mutawah, M. A., & Fateel, M. J. (2018). Students' achievement in math and science: 
How grit and attitudes Influence. International Education Studies, 11(2), 97-105. 
doi:10.5539/ies.v11n2p97  
Agustin, M., Augustin, M., Brunkow, P., & Thomas, S. (2012). Developing quantitative 
reasoning: Will taking traditional math course suffice? An empirical study. The 
Journal of General Education, 61(4), 305-313. 
Anderson, R. (2007). Being a mathematics learner: Four faces of identity. Mathematics 
Educator, 17(1), 7-14. 
Ashcraft, M., & Faust, M. (1994). Mathematics anxiety and mental arithmetic 
performance: An exploratory investigation. Cognition and Emotion, 8, 97-125. 
doi:10.1080/02699939408408931  
Bahr, P. (2008). Does mathematics remediation work? A comparative analysis of 
academic attainment among community college students. Research in Higher 
Education, 49(5), 420-450. doi:10.1007/s11162-008-9089-4 
Bahr, P. R. (2016). Replacing placement tests in Michigan’s community colleges. Ann 
Arbor, Michigan: Center for the Study of Higher and Postsecondary Education, 
University of Michigan. 
    
88 
 
Bandura, A. (1997) Self-efficacy: The exercise of control. New York: W.H. Freeman and 
Company. 
Bettinger, E., Boatman, A., & Long, B. (2013). Student supports: Developmental 
education and other academic programs. The Future of children: Postsecondary 
Education in the United States, 23(1), 93-115.  
Belfeld, C. R., & Crosta, P. M. (2012). Predicting success in college: The importance of 
placement tests and high school transcripts (CCRC Working Paper No. 42). New 
York: Columbia University. 
Bailey, T., Jeong, D., & Cho, S. (2010). Referral, enrollment, and completion, in 
developmental education sequences in community colleges. Economics of 
Education Review, 29(2), 255-270.  
https://doi.org/10.1016/j.econedurev.2009.09.002 
Bishop, J. (2012). “She's always been the smart one. I've always been the dumb one”: 
Identities in the mathematics classroom. Journal for Research in Mathematics 
Education, 43(1), 34-74. doi:10.5951/jresematheduc.43.1.0034 
Calcagno, J. C., Crosta, P., Bailey, T., & Jenkins, D. (2007). Does age of entrance affect 
community college completion probabilities? Evidence from a discrete-time 
hazard model. Educational Evaluation and Policy Analysis, 29(3), 218–235. 
Carlone, H., & Johnson, A. (2007). Understanding the science experiences of successful 
women of color: Science identity as an analytic lens. Journal of Research in 
Science Teaching, 44(8), 1187-1218. doi:10.1002/tea.20237 
    
89 
 
Champion, J., Parker, F., Mendoza-Spencer, B., & Wheeler, A. (2010). College algebra 
students attitudes toward mathematics in their careers. International Journal of 
Science and Mathematics Education, 9, 1093-1110.  
Chen, L., Bae, S., Battista, C., Qin, S., Chen, T., Evans, T., & Menon, V. (2018). Positive 
attitude toward math supports early academic success: Behavioral evidence and 
neurocognitive mechanisms. Psychological Science, 29(3), 390-402.  
https://doi.org/10.1177/0956797617735528 
Cifarelli, V., Goodson-Espy, T., & Chae, J. (2010) Associations of students’ beliefs with 
self-regulated problem solving in College Algebra. Journal of Advanced 
Academics, 21(2), 204-232. 
Cobb, P., Gresalfi, M., & Hodge, L. (2009). An interpretive scheme for analyzing the 
identities that students develop in mathematics classrooms. Journal for Research 
in Mathematics Education, 40(1), 40-68. 
Cobb, P., & Hodge, L. (2011). Culture, identity, and equity in the mathematics 
classroom. In A.J. Bishop (Managing Ed.), E. Yackel, K. Gravemeijer, & A. Sfard 
(Vol.Ed.), Mathematics education library: Vol. 48, A Journey in mathematics 
education research: Insights from the work of Paul Cobbs (pp. 179-195). New 
York, NY: Springer. doi:10.1007/978-90-481-9729-3  
Conley, D. T. (2007). Redefining college readiness. Volume 3. Eugene, OR: Educational  
Policy Center 
    
90 
 
Cortés-Suárez, G., & Sandiford, J. (2008). Causal attributions for success or failure of 
students in college algebra. Community College Journal of Research and 
Practice, 32(4-6), 325-346. 
Creswell, J. W., & Creswell, J. D. (2018). Research design: qualitative, quantitative, and 
mixed methods approaches. Fifth edition. Los Angeles: SAGE.  
Cribbs, J., Hazari, Z., Sonnert, G., & Sadler, P. (2015). Establishing an explanatory 
model for mathematics identity. Child Development, 86(4), 1048-1062. 
Duckworth, A., Peterson, C., Matthews, M., Kelly, D., & Carver, Charles S. (2007). Grit: 
perseverance and passion for long-term goals. Journal of Personality and Social 
Psychology, 92(6), 1087-1101. 
Duckworth, A., & Quinn, P. (2009). Development and validation of the short grit scale 
(Grit-S). Journal of Personality Assessment, 91(2), 166-174. 
Elrod, S. (2014). Quantitative reasoning: The next “across the curriculum” movement. 
Peer Review, 16(3), 4-8. 
Eskreis-Winkler, L., Shulman, E., Beal, S., & Duckworth, A. (2014). The grit effect: 
Predicting retention in the military, the workplace, school and marriage. Frontiers 
in Psychology, (5), 36. doi:10.3389/fpsyg.2014.00036 
Farruggia, S., Han, C., Watson, L., Moss, T., & Bottoms, B. (2018). Noncognitive factors 
and college students success. Journal of College Student Retention: Research, 
Theory, & Practice, 20(3), 308-327.  https://doi.org/10.1177/1521025116666539 
 
 
    
91 
 
Fast, L., Lewis, J., Bryant, M., Bocian, K., Cardullo, R., Rettig, M., & Hammond, K. 
(2010). Does math self-efficacy mediate the effect of the perceived classroom 
environment on standardized math test performance? Journal of Educational 
Psychology, 102(3), 729-740.  https://doi.org/10.1037/a0018863 
Furinghetti, F. & Pehkonen, E. (2000). A comparative study of students’ beliefs 
concerning their autonomy of doing mathematics. NOMAD 8(4), 7-26. 
Gee, J. P. (2001). Identity as an analytic lens for research in education. Review of 
Research in Education, 25, 99–125.  
Gordon, S. (2008). What's wrong with college algebra? PRIMUS, 18(6), 516-541. 
Gaze, E. (2018). Quantitative reasoning: A guided pathway from two to four-year 
colleges. Numeracy, 11(1), 1-4. doi:10.5038/1936-4660.11.1.1 
Gupta, S., Harris, D., Carrier, N., & Caron, P (2006). The predictors of student success in 
entry-level undergraduate mathematics courses. College Student Journal, 40(1), 
97-106. 
Hackett, G. (1985). Role of mathematics self-efficacy in the choice of math-related 
majors of college women and men: A path analysis. Journal of Counseling 
Psychology, 32(1), 47-56. 
Hackett, G., & Betz, N. E. (1989). An exploration of the mathematics self-
efficacy/mathematics performance correspondence. Journal for Research in 
Mathematics Education, 20, 261-273.  
Herriott, S., & Dunbar, S. (2009). Who takes college algebra?. Primus. 19. 74-87. 
doi:10.1080/10511970701573441 
    
92 
 
Higbee, J. L., & Thomas, P. V. (1999). Affective and cognitive factors related to 
mathematics achievement. Journal of Developmental Education, 23(1), 8-24.  
Hodges, C., & Kim C. (2013). Improving college students attitudes toward mathematics. 
Tech Trends, 57(4), 59-65. 
Houglum, J., Aparasu, R., & Delfinis, T. (2005). Predictors of academic success and 
failure in a pharmacy professional program. American Journal of Pharmaceutical 
Education, 69(1), 283-289. 
Jaggars, S.S., Edgeconbe, N., & Stacey, G.W. (2014) What we know about accelerated 
development education. New York, NY: Columbia University, Teachers College, 
Community College Research Center.  
Johnson, D. W., Johnson, R. T., Buckman, L. A., & Richards, P. S. (1985). The effect of 
prolonged implementation of cooperative learning on social support within the 
classroom. Journal of Psychology: Interdisciplinary and Applied, 119, 405-411.   
Jovanovic, J., & King, S. (1998). Boys and girls in the performance based classroom: 
Who’s doing the performing? American Educational Research Journal, 35, 477-
496. 
Kashyap, U., & Mathew, S. (2017). Corequisite model: An effective strategy for 
remediation in freshmen level quantitative reasoning course. Journal of STEM 
Education: Innovations and Research, 18(2), 23-29. 
Keller, J. (2010). Motivational design for learning and performance. New York, NY: 
Springer 
 
    
93 
 
Klassen, R., Krawchuk, L., & Rajani, S. (2008). Academic procrastination of 
undergraduates: Low self-efficacy to self-regulate predicts higher levels of 
procrastination. Contemporary Educational Psychology. 33, 915-931. 
doi:10.1016/j.cedpsych.2007.07.001.  
Kosiewicz, H., Ngo, F., & Fong, K. (2016). Alternative models to deliver developmental 
math: Issues of use and student access. Community College Review, 44(3), 205–
231. https://doi.org/10.1177/0091552116651490 
Kruczek, K. (2017). Academic abilities and noncognitive traits of first-time freshman: 
College-level & remedial mathematics students. (Doctoral dissertation, Oklahoma 
State University). 
Lewis-Beck, M. S., Bryman, A., & Futing Liao, T. (2004). The SAGE encyclopedia of 
social science research methods Thousand Oaks, CA: Sage Publications, Inc. 
doi:10.4135/9781412950589 
Lu, L., Weber, H., Spinath, F., & Shi, J. (2011). Predicting school achievement from 
cognitive and non-cognitive variables in a Chinese sample of elementary school 
children. Intelligence, 39(2-3), 130-140. 
Luttenberger, S., Wimmer, S., & Paechter, M. (2018). Spotlight on math 
anxiety. Psychology Research and Behavior Management, 11, 311–322. 
doi:10.2147/PRBM.S141421 
Lutzer, D., Maxwell, W., & Rodi, S. (2002) 2000 Statistical abstract of undergraduate 
programs in the mathematical sciences in the United States. Washington, DC: 
MAA Reports, MAA.  
    
94 
 
May, D. K. (2009). Mathematics self-efficacy and anxiety questionnaire (Doctoral 
dissertation, University of Georgia). 
Meyer, M., & Koehler, M. (1990). Internal influences on gender differences in 
mathematics. In E. Fennema & G.C. Leder (Eds), Mathematics and gender (pp. 
60-95). New York, NY: Teacher College Press.  
Medhanie. A., Dupuis, D., Lebeau, B., Harwell, M., & Post, T. (2012). The role of the 
ACCUPLACER mathematics placement test on a student’s first college 
mathematics course. Educational and Psychological Measurement, 72(2), 332-
351.  https://doi.org/10.1177/0013164411417620 
Moss, B., Arsenault, L., & Oster, M. (2019). Knowing is half the battle, or is it? A 
randomized experiment of the impact of supplemental notification letters on 
placement exam participation, preparation, and performance. Research in Higher 
Education, 60(6), 737-759.  https://doi.org/10.1007/s11162-018-9536-9 
Neal, D. (1969). The role of attitudes in learning mathematics. The Arithmetic Teacher, 
16, 631-640. 
Nguyen, G. T. (2015). A case study of students' motivation in college algebra courses. 
Community College Journal of Research and Practice 39(8), 693-707. 
Núñez-Peña, M., Suárez-Pellicioni, M., & Bono, R. (2013). Effects of math anxiety on 
student success in higher education. International Journal of Educational 
Research, 58(C), 36-43. doi:10.1080/10668926.2013.824394 
Pajares, F., & Miller, M. D. (1994). The role of self-efficacy and self-concept beliefs in 
mathematical problem-solving: A path analysis. Journal of Educational 
Psychology, 86, 193-203.  https://doi.org/10.1037/0022-0663.86.2.193 
    
95 
 
Pajares, F., & Miller, M.D. (1995). Mathematics Self-efficacy and mathematics 
performances: The need for specificity of assessment. Journal of Counseling 
Psychology, 42, 190-198.  https://doi.org/10.1037/0022-0167.42.2.190 
Park, T., Woods, C., Hu, S., Bertrand Jones, T., & Tandberg, D. (2018). What happens to 
underprepared first-time-in-college students when developmental education is 
optional? The case of developmental math and intermediate algebra in the first 
semester. The Journal of Higher Education, 89(3), 318-340.  
doi:10.1080/00221546.2017.1390970 
Parsad, B., Lewis, L., & Greene, B. (2003). Remedial education at the degree-granting 
postsecondary institutions in fall 2000. Washington, DC: National Center for 
Educational Statistics, Institute for Educational Science, U.S. Department of 
Education. Retrieved from http://nces.ed.gov/pubs2004/2004010.pdf 
Perry, A. B. (2004). Decreasing math anxiety in college students. College Student 
Journal, 38(2), 321. 
Pyzdrowski, L., Sun, Y., Curtis, R., Miller, D., Winn, G., & Hensel, R. (2013) Readiness 
and attitudes as indicators for success in college calculus. International Journal of 
Science and Mathematics Education. 11(3), 529-554.  
Royer, D. W., & Baker, R. D. (2018), Student success in developmental math education: 
Connecting the content at ivy tech community college. New Directions for 
Community Colleges, 2018: 31-38. doi:10.1002/cc.20299 
Reitzes, D. C., & Burke, P. J. (1980). College student identity: Measurement and 
implications. Pacific Sociological Review, 23(1), 45–66. 
    
96 
 
Saxe, K., and Braddy, L. (2015). A common vision for mathematical sciences programs 
in 2025. Forward by William “Brit” Kirwan. Washington, DC: Mathematical 
Association of America. 
Schoenfeld, A. H. (1989). Exploration of students’ mathematical beliefs and behavior. 
Journal for Research in Mathematics Education, 20, 338-355. 
doi:10.2307/412243 
Scott-Clayton, J. (2012). Do high-stakes exams predict college success? (CCRC Working 
Paper No. 41). New York: Columbia University. 
Sedgwick, P. (2014). Cross sectional studies: Advantages and disadvantages. BMJ : 
British Medical Journal (Online), 348 
http://dx.doi.org.argo.library.okstate.edu/10.1136/bmj.g2276 
Sfrad, A., & Prusak, A. (2005). Telling identities: In search of an analytic tool for 
investigating learning as a culturally shaped activity. Educational Researcher, 
34(4), 14-22.  https://doi.org/10.3102/0013189X034004014 
Sheffield, D. & Hunt, T. (2007). How does anxiety influence math performance and what 
can we do about It?. MSOR Connections, 6(4), 19-23. 
doi:10.11120/msor.2006.06040019. 
Simon, M. K., & Goes, J. (2013). Assumption, limitations, delimitations, and scope of the 
study (Doctoral dissertation, Dissertation and scholarly Research: Recipes for 
success) 
Skaalvik, E. M., Federici, R. A., & Klassen, R. (2015). Mathematics achievement and 
self-efficacy: Relations with motivation for mathematics. International Journal of 
Educational Research, 72, 129-136. 
    
97 
 
Smith, J., & Thompson, P. W. (2007). Quantitative reasoning and the development of 
algebraic reasoning. In J. J. Kaput, D. W. Carraher & M. L. Blanton (Eds.), 
Algebra in the early grades (pp. 95-132). New York: Erlbaum. 
Sons, L. et al., (Ed) (1996) Quantitative Reasoning for College Students: A complement 
to the Standards, MAA Report 1, A report of the CUMP Committee on Literacy 
Requirements, Mathematical Association of America (MAA), Washington, DC.   
Stankov, L., Morony, S., & Lee, Y. (2014). Confidence: The best non-cognitive predictor 
of academic achievement? Educational Psychology, 34(1), 9-28.  
doi:10.1080/01443410.2013.814194 
Steen, L. (Ed.). (2001). Mathematics and democracy: The case for quantitative literacy. 
Princeton, NJ: Woodrow Wilson National Fellowship Foundation.  
Suinn, R., Edie, C., Nicoletti, J., & Spinelli, P. (1972). The MARS, a measure of 
mathematics anxiety: Psychometric data. Journal of Clinical Psychology, 28(3), 
373-375.  
Suinn, R., & Winston, E. (2003). The mathematics anxiety ratings scale, a brief version: 
Psychometric data. Psychological Reports, 92, 167-173. 
Tahir, I., & Bakar, N. (2009). Influence of demographic factors on students' beliefs in 
learning mathematics. International Education Studies, 2(3), 120-126. 
Tennant, A. (2014). The effect of mathematics on the college graduation rates of adult 
students. The Journal of Continuing Higher Education, 62(1), 17-28. 
doi:10.1080/07377363.2014.872004 
Todd, V., & Wagaman, J. (2015). Implementing quantitative literacy at southwestern 
community college, North Carolina. Numeracy, 8(2), 1-17. 
    
98 
 
Tapia, M., & Marsh, G. (2004). An instrument to measure mathematics attitudes. 
Academic Exchange, 8(2), 16-21.  
Tough, P. (2012). How children succeed: Grit, curiosity, and the hidden power of 
character. New York: Houghton Mifflin Harcourt.  
Tunstall, S., Melfi, V., Craig, J., Edwards, R., Krause, A., Wassink, B., & Piercey, V. 
(2016). Quantitative literacy at Michigan state university, 3: Designing general 
education mathematics courses. Numeracy, 9(2), 6. 
Van Peursem, D., Keller, C., Pietrzak, D., Wagner, C., & Bennett, C. (2012). A 
comparison of performance and attitudes between students enrolled in college 
algebra vs. quantitative literacy. Mathematics and Computer Education, 46(2), 
107-118. 
Weiner, B. (1986). An attributional theory of motivation and emotion. New York: 
Springer-Verlag.  
Wenger, E. (1998). Communities of practice: Learning, meaning, and identity. 
Cambridge, UK: Cambridge University. 
Wheeler, S., & Bray, N. (2017). Effective evaluation of developmental education: A 
mathematics example. Journal of Developmental Education, 41(1), 10-12. 
Wilkins, J. (2000). Preparing for the 21st century: The status of quantitative literacy in the 
United States. School Science and Mathematics, 100, 405-418.  
https://doi.org/10.1111/j.1949-8594.2000.tb17329.x 
Wilkins, J. (2010). Modeling quantitative literacy. Educational and Psychological 
Measurement, 70, 267-90. 
    
99 
 
Yang, J. (2014). Math anxiety: Can teacher help students reduce it? American Educator, 
28-43.  
Zimmermann, F., Schütte, K., Taskinen, P., & Köller, O. (2013). Reciprocal effects 
between adolescent externalizing problems and measures of achievement. Journal 
of Educational Psychology, 105(3), 747-761.  http://dx.doi.org/10.1037/a0032793 



































Appendix A:   MCC IRB Approval 
Human Subjects Review 
Proposal Title: Cognitive and non-cognitive characteristics of student’s enrolled in 
quantitative reasoning and pre-calculus I at a community college 
IRB #: 19-020 
Dear Researcher: 
Your research proposal has been approved by the Institutional Review Board at Tulsa 
Community College.  You are authorized to begin your research and implement this 
study as of the date of this email. This authorization is valid for one year from today. 
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This approval is granted with the understanding that the research will be conducted 
within the published guidelines of the TCC Institutional Review Board and as described 
in your application. Any changes or modifications to the approved protocols should be 
submitted to the IRB for approval. Please use the IRB number provided above in all your 
communications regarding this study. 
Thank you for sending us your application for research involving human subjects. By 
doing so, you safeguard the welfare of our students and federal funding of our college 
Best, 
Allison E. Tifft, Ph.D. 
IRB Intake Coordinator 
Institutional Research & Assessment 
 
 
    
101 
 
Appendix B: OSU IRB Approval  
 
 






















Student ID#: ____________________________  
1. Gender:  __________ 
2. Age:______________ 
3. Ethnicity:  Choose the category that best fits you 
__________Hispanic or Latino 
__________not Hispanic or Latino 
4. Race:  Please indicate the category that best fits you or choose other and explain 
 ______ American Indian or Alaska Native 
 ______Asian 
 ______Black or African American 
 ______Native Hawaiian or other Pacific Islander 
 ______White 
______Other __________________________________________________ 
5. What is your major? __________________________ 
6. Please indicate the mathematics course you are in while completing this survey (circle 
one) 
      Pre-calculus I                           Quantitative Reasoning 
 
7. What math classes did you complete in high school?  (circle all that apply) 
Algebra I                   Algebra II                                  Geometry              Pre-calculus 
Algebra III                Trigonometry                            Calculus                 Statistics 
Other: ___________________________________ 
8. Are you the first in your family to attend college?   (circle one)    Yes        No 
 
9. What was the highest level of education for your male parent or guardian? (circle 
only one) 
Did not finish high school  high school some college    
 
Four years of college   graduate school 
 
10. What was the highest level of education for your female parent or guardian? (circle 
only one) 
 
Did not finish high school  high school some college    
            Four years of college            graduate school 
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Appendix E:  
   
Identity Scale 
         To what extent do you disagree or agree with the following statements? 
Scale is (1 = strongly disagree, 5 = Strongly agree) 
  
1. I enjoy learning math 1     2     3     4     5 
2. I see myself as a math person 1     2     3     4     5 
3. My family sees me as a math person. 1     2     3     4     5 
4. My friends/colleagues see me as a math person 1     2     3     4     5 
5. My professors saw me as a math person 1     2     3     4     5 
6. Math is interesting. 1     2     3     4     5 
7. I look forward to doing math. 1     2     3     4     5 
8. I understand the math I have studied. 1     2     3     4     5 
9. Math makes me nervous. 1     2     3     4     5 
10. Setbacks in math do not discourage me. 1     2     3     4     5 
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Appendix F:  
 
Grit Scale 
         To what extent do you disagree or agree with the following statements? 
Scale is (1=very much like me, 3=somewhat like me, 5=Not like me at all) 
  
1. New mathematical ideas and concepts sometimes 
distract me from previous ones.  
1     2     3     4   5 
2. When solving mathematical problems, setbacks 
do not discourage me. I bounce back from 
disappointments faster than most people.   
1     2     3     4   5 
3. I have been obsessed with a certain mathematics 
idea for a short time but later lost interest.  
1     2     3     4   5 
4. In mathematics I am a hard worker. 1     2     3     4   5 
5. In mathematics, I often set a goal but later choose 
to pursue a different one.  
1     2     3     4   5 
6. I have difficulty maintaining my focus on 
mathematics concept that take more than a few 
months to complete.  
1     2     3     4   5 
7. I finish whatever I begin in mathematics.  1     2     3     4   5 
8. I am diligent (hardworking and careful) with my 
mathematics.  
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Appendix G:  
Fennema-Sherman Mathematics Attitudes Scales 
 
For the following statements, circle your level of agreement with each of the following                                      
SD - if you strongly disagree        D - if you disagree    N - if your feeling is neutral 
A - if you agree                             SA - if you strongly agree 
 
  
1. Generally I have felt secure about attempting 
mathematics 
SD     D     N     A     SA 
2.   I’m no good in math.    SD     D     N     A     SA 
3.   I’ll need mathematics for my future work.  SD     D     N     A     SA 
4.  I see mathematics as a subject I will rarely use     in my 
daily life as an adult 
SD     D     N     A     SA 
5.  I am sure I could do advanced work in mathematics. SD     D     N     A     SA 
6.  I am not the type to do well in mathematics.  SD     D     N     A     SA 
7.  I study mathematics because I know how useful it is. SD     D     N     A     SA 
8. In terms of my adult life it is not important for me to do 
well in mathematics.  
SD     D     N     A     SA 
9. I am sure that I can learn mathematics. SD     D     N     A     SA 
10. I don’t think I could do advanced mathematics. SD     D     N     A     SA 
11. Knowing mathematics will help me earn a living. SD     D     N     A     SA 
12. Mathematics is of no relevance to my life.  SD     D     N     A     SA 
13. I think I could handle more difficult mathematics. SD     D     N     A     SA 
14. For some reason even though I study, math seems   
unusually hard for me. 
SD     D     N     A     SA 
15. Mathematics is a worthwhile and necessary subject.  SD     D     N     A     SA 
16. Mathematics will not be important to me in my life’s 
work.  
SD     D     N     A     SA 
17. I can get good grades in mathematics.  SD     D     N     A     SA 
18. Math has been my worst subject.   SD     D     N     A     SA 
19. I’ll need a firm mastery of mathematics for my  
      future work  
SD     D     N     A     SA 
20. Taking mathematics is a waste of time.  SD     D     N     A     SA 
21. I have a lot of self-confidence when it comes to math. SD     D     N     A     SA 
22. Most subjects I can handle O.K., but I have a knack 
for flubbing up math. 
SD     D     N     A     SA 
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23. I will use mathematics in many ways as an adult. SD     D     N     A     SA 
24. I expect to have little use for mathematics when I get 
out of school.  
SD     D     N     A     SA 
25. I like math puzzles. SD     D     N     A     SA 
26. Mathematics is enjoyable and stimulating to me. SD     D     N     A     SA 
27. When a math problem arises that I can’t immediately 
solve, I stick with it until I have the solution.  
SD     D     N     A     SA 
28. Once I start trying to work on a math puzzle, I find it 
hard to stop. 
SD     D     N     A     SA 
29. When a question is left unanswered in math class, I 
continue to think about it afterward.  
SD     D     N     A     SA 
30. I am challenged by math problems I can’t understand 
immediately.   
SD     D     N     A     SA 
31. Figuring out mathematical problems does not appeal 
to me. 
SD     D     N     A     SA 
32. The challenge of math problems does not appeal to 
me. 
SD     D     N     A     SA 
33. Math puzzles are boring. SD     D     N     A     SA 
34. I don’t understand how some people can spend so 
much time on math and seem to enjoy it.  
SD     D     N     A     SA 
35. I would rather have someone give me the solution to a 
difficult math problem than to have to work it out for 
myself. 
SD     D     N     A     SA 
36. I do as little work in math as possible. SD     D     N     A     SA 
37. It would make me happy to be recognized as an 
excellent student in mathematics. 
SD     D     N     A     SA 
38. I don’t like people to think I’m smart in math. SD     D     N     A     SA 
39. I’d be proud to be the outstanding student in math. SD     D     N     A     SA 
40. It would make people like me less if I were a really 
good math student. 
SD     D     N     A     SA 
41. I’d be happy to get top grades in mathematics. SD     D     N     A     SA 
42. If I got the highest grade in math I’d prefer no one 
knew. 
SD     D     N     A     SA 
43. It would be really great to win a prize in mathematics. SD     D     N     A     SA 
44. If I had good grades in math, I would try to hide it.  SD     D     N     A     SA 
45. Being first in a mathematics competition would make 
me pleased. 
SD     D     N     A     SA 
46. Being regarded as smart in mathematics would be a 
great thing. 
SD     D     N     A     SA 
47. Winning a prize in mathematics would make me fell 
unpleasantly conspicuous. 
SD     D     N     A     SA 
48. People would think I was some kind of a grind if a got 
A’s in math.  
SD     D     N     A     SA 
 




Mathematics Self-Efficacy and Anxiety Questionnaire (MSEAQ) 
 
To better understand what you think and feel about your college mathematics courses, 
please respond to each of the following statements. If there are questions you do not wish 
to answer, please select “No Response.” 
NR – No response   1 – Never   2 – Seldom   3 – Sometimes   4 – Often   5 – Usually  
 
  
1. I feel confident enough to ask questions in my 
mathematics class. NR     1     2     3     4     5 
2. I get tense when I prepare for a mathematics test. NR     1     2     3     4     5 
3. I get nervous when I have to use mathematics 
outside of school. NR     1     2     3     4     5 
4.  I believe I can do well on a mathematics test NR     1     2     3     4     5 
5. I worry that I will not be able to use mathematics in 
my future career when needed. NR     1     2     3     4     5 
6. I worry that I will not be able to get a good grade in 
my mathematics course. NR     1     2     3     4     5 
7.  I believe I can complete all of the assignments in a 
mathematics course. NR     1     2     3     4     5 
8. I worry that I will not be able to do well on 
mathematics tests NR     1     2     3     4     5 
9. I believe I am the kind of person who is good at 
mathematics. NR     1     2     3     4     5 
10. I believe I will be able to use mathematics in my 
future career when needed NR     1     2     3     4     5 
11.  I feel stressed when listening to mathematics 
instructors in class. NR     1     2     3     4     5 
12. I believe I can understand the content in a 
mathematics course. NR     1     2     3     4     5 
13. I believe I can get an “A” when I am in a 
mathematics course. NR     1     2     3     4     5 
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14. I get nervous when asking questions in class. NR     1     2     3     4     5 
15. Working on mathematics homework is stressful for 
me NR     1     2     3     4     5 
16. I believe I can learn well in a mathematics course. NR     1     2     3     4     5 
17. I worry that I do not know enough mathematics to 
do well in future mathematics courses. NR     1     2     3     4     5 
18. I worry that I will not be able to complete every 
assignment in a mathematics course. NR     1     2     3     4     5 
19. I feel confident when taking a mathematics test. NR     1     2     3     4     5 
20. I believe I am the type of person who can do 
mathematics. NR     1     2     3     4     5 
21. I feel that I will be able to do well in future 
mathematics courses. NR     1     2     3     4     5 
22. I worry I will not be able to understand the 
mathematics NR     1     2     3     4     5 
23. I believe I can do the mathematics in a mathematics 
course NR     1     2     3     4     5 
24. I worry that I will not be able to get an “A” in my 
mathematics course NR     1     2     3     4     5 
25. I worry that I will not be able to learn well in my 
mathematics course. NR     1     2     3     4     5 
26. I get nervous when taking a mathematics test NR     1     2     3     4     5 
27. I am afraid to give an incorrect answer during my 
mathematics class NR     1     2     3     4     5 
28. I believe I can think like a mathematician. NR     1     2     3     4     5 
29. I feel confident when using mathematics outside of 
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